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lia.  SPONSORING  MIEITARV  ACTIVITY 


The  results  of  mechanical  analyses,  absolute  specific  gravity  and  Atterberg  limits  tests 
for  these  soils  are  shovm  on  inclosure  1.  CBR  tests  were  required  on  undisturbed  box 
samples  of  the  limestone  blend  and  low  bearing  clay  gravel  and  remolded  cylinder  samples 
of  these  materials.  (Remolded  samples  were  placed  in  CBR  cylinders  at  average  water 
content  and  dry  density  of  undisturbed  box  samples.)  The  results  of  these  tests 
together  with  those  obtained  from  additional  CBR  tests  performed  on  undisburbed  high 
bearing  clay  gravel  are  shown  on  inclosure  2.  The  results  of  CBR  tests  performed  on 
undisturbed  and  remolded  cylinder  samples  of  sand,  selected  loam  and  subgrade  (clay) 
arc  shown  on  inclosure  2.  (Remolded  samples  were  placed  on  CBR  cylinders  at  average 
water  content  and  dry  density  of  undisturbed  cylinder  samples.)  Information  was 
desired  on  the  variation  of  CBR  with  molded  dry  density  and  penetration  surcharge  for 
all  soils  except  the  limestone  blend.  The  results  of  these  special  tests  are  shown 
on  inclosurc  4 to  15,  inclusive. 
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Report  coverj-  the  behavior  of  Jatistocl  airplane  landing  i:iat  unoei  ti.iitic  tests  on 
clay  subgrad-'  uith  a wheel  load  of  15,000  pounds,  and  on  silt  subgrade  with  wheel 
loads  of  15,000  and  37,000  pounds.  No  base  course  v:as  used  on  the  test  sections  at 
either  site.  The  report  covers  weaknesses  of  tlie  Liat  -which  were  indicated  by  the 
tC'St  results  and  shows  pictures  and  cross  sections  of  the  nat  lest  sections  before, 
during,  and  after  testing.  A coi&plcte  set  of  notes  t.iado  during  tracking  is  also 
included  as  an  appendix. 
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Report  covers  the  behavior  of  woven  wire  airplane  landing  mat  under  traffic  tests  on 
clay  subgrade,  with  and  without  base  course,  and  on  silt  subgrade,  without  base  course, 
with  wheel  loads  of  15,000  and  37,000  lb.  The  report  covers  weaknesses  of  the  mat 
which  were  indicated  by  the  test  results  and  shows  pictures  and  cross  sections  of  the 
mac  test  sections  before,  during  and  after  testing.  A complete  set  of  notes  made  durini 
tracking  is  also  included  as  an  appendix. 
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Report  covers  the  behavior  of  three  typos  of  General  Kleciric  airpiane  Jandin^  ;..tt 
under  traffic  tests.  Only  OJ^e  type  vas  tesred  at  the  eJay  site.  This  v;n3  type  2, 
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and  crons  seclicnu'  of  the  lud  test  sections  before,  during;  ind  after  tes’inp,.  A 
cojuplcte  set  of  notes  taken  during  the  test  is  also  inchided  as  .'in  apptndi.x. 
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Report  covers  the  behavior  of  steel  pierced  plank  airplane  landing  mat,  equipped  with 
new  "T"  connectors,  under  traffic  tests  on  clay  suhgradc  with  a wheel  load  of  15,000 
pounds,  and  on  silt  subgradc  with  wheel  loads  of  13,000  and  37,000  pounds.  No  base 
course  was  used  in  any  of  the  tests.  The  report  covers  weaknesses  of  the  mat  which 
vere  indicated  by  the  test  results  and  shows  pictures  and  cross  sections  of  the  mat 
sections  before,  during,  and  after  testing.  A complete  set  of  notes  made  during  the 
test  Is  also  included  as  an  appendix. 
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Report  covers  the'  behavior  of  Irving  grid  landing  mat  under  traffic  tests  on  clay 
subgrade  without  base  course  under  the  15,000-lb  wheel  load  and  on  silt  subgrade  with 
and  without  base  course  under  the  15,000-lb  and  37,0C0-lb  wheel  load.  It  was  also 
tested  on  the  silt  subgrade  with  base  course  under  tlie  60,000-lb  wheel  load.  The  report 
rovers  weaknesses  of  the  mat  which  were  indicated  by  the  test  results  and  shows 
pictures  and  cross  sections  of  the  mat  test  sections  before,  during,  and  after  testing. 
A complete  set  of  notes  made  during  the  test  is  included  as  an  appendix. 
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IS.  4k»STMACT 

Report  covers  the  behavior  of  standard  steel  pierced  plank  airplane  landing  nac  under 
traffic  tests  on  clay  subgrade  with  wheel  loads  of  15,000  and  37,000  pounds,  and  on  silt 
subgrades  with  wheel  loads  of  15,000—,  37,000—,  and  60,000— pounds.  Some  sections  con- 
tained base  courses  and  some  were  tested  with  the  subgrades  in  a saturated  condition. 

The  report  covers  weaknesses  of  the  mat  which  were  indicated  by  the  test  results  and 
shows  pictures  and  cross  sections  taken  before,  during  and  after  the  test.  A complete 
set  of  notes  made  during  the  test  is  included  as  an  appendix. 
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II.  SUPPLEMENTARY  NOTES 


The  purpose  of  these  tes©  was  to  determine  the  general  utility  of  PBS  for  use  on  air- 
fields for  light  aircraft.  The  tests  consisted  oi  limited  traffic  repetitions  on 
various  types  of  fabric  impregnated  both  with  unfilled  asphalt  and  with  asphalt  con- 
taining 40%  filler,  using  7,000-,  15,000-  and  37,000-lb  wheel  loads  operated  at  slow 
speeds.  Braking  and  turning  tests  were  also  made.  Condition  of  the  surfacing  material 
was  studied  under  high  and  low  temperatures  and  under  different  conditions  of  storage. 
In  addition,  certain  tests  on  packaging  for  shipment  were  conducted.  Careful  obser- 
vations were  made  concerning  the  pilot  model  of  the  Barber-Greene  matlaying  machine 
furnished  with  the  surfacing  material. 


KEYWORDS:  Bituminous  cements;  Prefabricated  surfacings;  Traffic  tests 
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Ift.  SPONSOMIN6  MILITARY  ACTIVITY 

Office,  Chief  of  Engineers 
U.  S.  Army 

Washington,  D.  C.  20314 


AA47NACT 

The  purpose  of  this  investigation  was  to  determine  the  feasibility  and  practicability 
of  compacting  layers  of  soil  between  two  layers  of  PBS  (Prefabricated  Bituminous 
Surfacing)  to  provide  an  adequate  pavement  for  airports  and  other  paved  areas  on 
subgrades  of  low  CBR  value  which  may  be  subjected  to  wheel  loads  up  to  and  Including 
.20,000  pounds. 
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Office,  Chief  of  Engineers 
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Washington^  D.  C.  20314 

«S.  ABSTRACT 

The  purpose  of  these  tests  was  to  determine  the  feasibilitry  from  a construction  stand- 
point of  incorporating  light  bar  and  rod  airplane  landing  .mat  in  gravelly  sand-clay  base 
course  material  to  form  a surfacing  for  airplane  runways  for  use ‘in  the  theatre  of 
operations,  and  to  determine  the  relative  efficacy  of  sucb\  surfacing  under  traffic  in 
comparison  with  standard  steel  pierced  plank  landing  mat  w'ith  and  without  base  courses 
'land  with  base  courses  without  mat. 


KEYWORDS:  Base  courses;  Landing  mats;  Traffic  tests 
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11.  SUPRLCMCNTART  notes 
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IS.  A0STHAC  T 


Tests  included  the  construction  of  eight  test  sections  approximately  16-2/3  ft  long  by 
50  ft  wide,  with  turnarounds  suitable  for  turning  the  testing  equipment,  and  traffic- 
testing these  sections  with  the  37,000-lb  wheel  load.  The  sections  were  arranged  as 
shown  on  plate  1.  Sample  planks  were  weighed  and  measured.  Photographic  records  and 
deflection  cross  sections  were  made  as  the  tests  progressed. 


KEYWORDS;  Steel  landing  mats;  Traffic  tests 
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12.  SPO'iSORINO  MILIT  ART  ACTIVITY 

Office,  Chief  of  Engineers 
U.  S.  Army 

Washington,  D,  C.  2031^ 

The  tests  described  in  this  report  Involved  the  construction  of  suitable  test  lanes, 
with  turnarounds,  for  testing  pierced  type  Model  2-T6  (Wichert)  mats,  made  of  steel, 
aluminum  alloy,  and  magnesium  alloy,  in  comparison  with  standard  pierced  plank  mats  cade 
of  steel  and  of  aluminum  alloy.  Tlie  tests  consisted  of  traffic-testing  these  mats  by 
uniform  coverages  with  a 37,000-lb  wheel  load  and  with  a 15,000-lb  wheel  ioaa,  and 
brake-testing  them  with  a 30,000-lb  wheel  load.  In  connection  with  the  traffic  tests, 
settlement  cross  sections,  detailed  traffic  notes,  and  photographic  records,  including 
some  moving  pictures,  were  made. 
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Office,  Chief  of  Engineers 
U.  S»  Army 

Washington,  D.  C.  20314 


ACT 


The  primary  purpose  of  these  tests  was  to  determine  the  minimum  practicable  vertical 
bayonet  clearance  for  aluminum  alloy  pierced  plank  landing  mat.  Secondary  objectives 
were:  (a)  to  compare  the  performance  of  aluminum  alloy  pierced  planks  having  three 

different  degrees  of  reduction  in  vertical  bayonet  clearance  with  that  of  standard 
aluminum  and  steel  pierced  plank;  (b)  to  compare  the  time  required  for  placing  aluminum 
alloy  pierced  planks  with  three  different  degrees  of  reduction  in  bayonet  clearance 
with  that  required  to  place  standard  pierced  planks  of  aluminum  alloy  and  steel. 
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IS.  ABSTRACT 


The  general  purpose  and  objectives  of  the  Investigation  were  to  determine  by  use  of 
a circular,  rigid  bearing-plate  test  on  several  types  of  soil  the  following:  (a)  the 

effective  change  in  the  modulus  of  soil  reaction  of  different  soils  when  tested  in  a 
relatively  dry  and  in  a saturated  condition;  (b)  the  effect  of  varying  Che  load  area 
on  the  modulus  of  soil  reaction,  and  (c)  correlation  between  the  modulus  of  soil 
reaction  as  determined  from  field  place  bearing  tests  with  results  of  CBR  tests,  or 
other  related  laboratory  tests.  The  soils  selected  were  a silty  clay,  Vicksburg  silt 
loess,  and  a heavy  "buckshot"  clay. 
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The  scope  of  this  report  is  limited  to  an  analytical  review  and  to  theoretical 
analyses  necessary  to  develop  tentative  design  curves  for  a 60,000-lb  load  on  a 
dual  wheel  of  a^B-29  plane  similar  to  the  tentative  curves  used  in  the  California 
method  of  design. 
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The  principal  objective  of  the  tests  was  to  determine  pavemient  deflections  of  an 
existing  concrete  apron  at  various  locations  with  respect  t<o  the  different  types 
of  pavement  joints  for  wheel  loads  of  a B-29  loaded  (60,000  lbs  per  dual  wheel)  and 
empty  (40,000  lbs  per  dual  wheel)  and  a B-24  fully  loaded  (30,000  lbs  per  wheel) 
for  standing,  moving,  and  vibratory  conditions. 


KEYWORDS:  Rigid  pavement  performance  and  evaluation  (Airfields);  [Marietta  Army 

Airfield] 
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Washington,  D-  C.  20314 


The  general  purpose  and  objective  of  the  investigation  was  to  detcminc  by  means  of 
laboratory  and  field  tests  the  suitability  of  resinous  water  repellents  for  military 
construction  and  the  type  or  types  best  suited  for  s>:ch  use.  A complete  list  of  all 
soils  studied  in  the  preliminary  laboratory  phase  of  the  investigation,  together  with 
all  pertinent  classification  and  compaction  data  for  each  soil,  is  shown  on  table  1. 
Six  commercial  water  repellents  were  studied. 
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MI..ITART  ACTIVITY 


Office,  Chief  of  Engineers 
Washington,  D.  C.  20314 


The  report  presents  a summary  review  of  accelerated  traffic  tests  conducted  in  1942 
and  early  1943  on  flexible  pavements  at  eight  airfields  in  various  parts  of  this 
country.  It  is  one  of  several  reports  presenting  the  results  of  tests  which  were 
conducted  to  obtain  data  for  determining  flexible  pavement  design  requirements.  The 
tests  described  herein  have  been  grouped  into  one  report  because  the  test  methods  were 
similar  and  the  limited  data  obtained  permit  only  general  conclusion  to  be  made. 
Detailed  descriptions  of  the  tests  at  each  field  are  included  with  this  report  as 
appendices.  In  the  individual  test  reports,  the  available  data  are  analyzed  and  con- 
clusions pertinent  to  the  tests  are  made.  In  this  report,  the  data  from  the  tests 
at  each  field  are  reviewed  and  conclusions  are  made  that  are  considered  generally 
applicable  to  the  design  of  flexible  pavements.  These  conclusions  are  presented  in 
Part  IV  of  this  report. 
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The  purpose  of  the  study  was  to  correlate  and  analyze  available  data  from  airfield 
pavements  and  traffic  test  sections  and  to  secure  supplementary  data  as  considered 
necessary  to  dotennine  satisfactory  design  criteria  for  flexible  pavements.  These 
criteria  arc  lor  use  in  a revision  of  or  incorporation  into  appropriate  chapters 
of  the  Engineering  Manual.  The  primary  purpose  of  this  interim  report  is  to  present 
and  analyze  the  data  obtained  to  April  1947  from  the  testing  of  existing  airfields 
by  the  Waterways  Experiment  Station  field  party. 
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U.  SPONSORING  MILITARY  ACTIVITY 

Office,  Chief  of  Engineers 
Washington,  D.  C.  20314 


The  objectives  of  this  investigation  were  to  determine  the  resistance  of  various  types 
of  bituminous  pavements  to  the  detrimental  effects  of  the  spillage  of  gasoline,  kerosene, 
lubricating  oil,  and  hydraulic  brake  fluid  and  to  further  determine  which  surfacing 
materials  and  methods  of  treatment  would  satisfactorily  protect  existing  bituminous 
pavements  from  the  detrimental  effects  of  the  spillage  of  these  petroleum  products.  The 
preliminary  phase  consisted  of  a laboratory  study  in  which  testing  methods  and  pro- 
cedures were  devised  and  tests  performed  to  select  the  most  suitable  products  for 
further  study.  The  second  phase  of  the  study  was  a small-scale  field  test  to  select 
the  best  of  the  materials  passed  by  the  laboratory  tests. 
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\ Report  presents  the  results  of  laboratory  and  field  tests  conducted  by  the  Corps  of 
Engineers  to  develop  a method  for  the  design  and  construction  control  of  asphalt 
paving  mixtures.  The  investigation  consisted  of:  (a)  th>e  selection  of  a test 

. apparatus  and  the  performance  of  laboratory  studies  to  de>velop  techniques  and  pro- 
» cedures;  (b)  the  construction  of  a test  section  and  the  performance  of  traffic  tests 
j with  15,000-  and  37,000-lb  single  and  60,000-lb  dual  whea.1  loads  to  obtain  design 
. criteria;  and  (c)  additional  laboratory  work  to  adjust  thie  test  procedures  to  the 
design  criteria.  Appendix  A:  Selection  of  Design  and  ComCrol  Method.  Appendix  P: 

Presentation  of  Initial  Laboratory  Test  Data.  Appendix  C:  Design  and  Construction 

of  Test  Section.  Appendix  D:  Traffic  Tests.  Appendix  B.  Final  Laboratory 

Correlation  Tests. 
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Engineer  Research  and  Development  Labs. 
Corps  of  Engineers 
Washinr.ton,  D.  C.  20314 


The  primary  objective  of  this  study  was  to  determine  if  a single  layer  of  the  M7  land- 
ing mat  is  capable  of  sustaining  traffic  simulating  that  imposed  by  military  aircraft 
with  70,000-lb  dual  wheel  loads  during  one  year  of  normal  operations  on  a field  airdrotp.e| 
in  a theater  of  operations.  An  additional  objective  was  the  determination  of  the 
effect  on  the  M7  mat  of  traffic  with  a 50,000-lb  single  wheel  load.  To  accomplish  these 
two  objectives  test  sections  were  constructed  and  surfaced  with  the  M7  mat.  Control 
sections  were  also  placed  in  which  the  earlier  M6  type  mat  was  used  for  comparison.  I 

Traffic  was  applied  to  both  types  of  mat  with  the  designated  wheel  loads  using  a runway  I 
load  testing  cart.  Another  objective  of  the  tests  was  to  record  data  that  could  be  | 
used  to  determine  if  the  M7  mat  complies  with  the  military  characteristics  as  outlined  I 
in  project  AC  680  (now  8-69-04-002).  This  was  done  by  measuring  certain  physical 
characteristics  of  the  mat  designated  in  the  plan  of  tests.  Tests  were  also  included 
to  determine  the  relative  rates  of  wear  of  26-  by  6.6-in.  airplane  tires  on  M7  and  M6  ] 
landing  mats  and  on  asphaltic  concrete,  and  to  obtain  limited  information  on  the 
distribution  of  stresses  and  deflections  in  Che  subgrade  under  Che  M7  and  M6  mat. 


KEYWORDS:  Steel  landing  mats;  Traffic  tests 


^ R«PCACA>  OO  rCRM  t 4AM  •«.  WMICM 


Unclassified 


t . 


-.UiLiiiic 

IIIIU  t *l.>’  -I 


document  control  data  . r t d 

ol  Utl^,  ol  en<t  nnnot^Uon  nuiml  Ur  mitfrtt 


I.  OHIwINATINU  ACTiVtTv  (C'ur)<wr«>« 


lU'n  mu*/  Ur  rni%lrtmtl  r/t>rn  tUm  nrrtrtl  rritnrt  In  elrmmlllrtli 


U.  S.  Army  Engineer  Waterways  Experiment  Station 
Vicksburg,  Mississippi 


Unclassified 

a6.  criou 


C»*OhT  TtTLC 

SOIL  COMPACTION  INVESTICATION;  Report  No.  1,  COMPACTION  STUDIES  ON  CLAYEY  SANDS 


4.  OCSCRiPTIVC  NOTES  (Typ’t  ol  report  ond  tr%ctuei%e  dotme) 


t.  AO  THONkS»  A«ci«,  middle  Initlel,  teet  nemm) 


April  1949 


7A.  70TAE  NO.  OF  PACES 

73  . 

■ 

O.  OF  REFS 

»A.  VAIOINATOH*!  REPORT  NU*><BCR|S1 

Technical  Memorandum  No 
Report  No.  1 

. 3-271, 

S6.  OTHER  REPORT  NO(S)  (Any  oU\er  nwm6«r«  thet  tney  be  eesl£r.ed 
thie  report) 

\ 

le.  CISTAiOUTION  STATEMENT 

Approved  for  public  release;  distribution  unlimited. 
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Office,  Chief  of  Engineers 
Washington,  D.  C-  20314 


The  specific  purposes  of  this  phase  of  the  investigation  are:  determination  of  the 

stress-strain  characteristics  of  soils  compacted  in  the  field  by  equipment  now  readily 
available  for  compaction  purposes;  and  determine  the  feasibility  of  the  utilization  of 
field  compaction  equipment  of  types  now  generally  in  use  to  obtain  much  greater  compac- 
tion than  is  now  generally  required  in  fills.  The  results  of  the  investigation 
described  in  this  report  provide  a partial  realization  of  the  above-stated  purposes. 
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The  general  purposes  of  this  phase  of  the  investigation  were  to  obtain  information 
as  to  the  effectiveness  of  rubber-tired  and  sheepsfoot  roller  equipment  in  compacting 
silty  clay  to  a high  density  economically  and  to  compare  this  information  with 
laboratory  compaction  data.  Specifically,  it  was  desired  to  determine  the  stress- 
strain  characteristics  of  silty  clay  compacted  in  the  field  and  in  the  laboratory, 
and  to  determine  the  feasibility  of  using  sheepsfoot  and  rubber-tired  rollers  to 
obtain  higher  densities  in  silty  clay  than  are  now  generally  specified. 
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Office,  Chief  of  Engineers 
Washington,  D.  C.  20314 

The  purpose  of  the  sand  compaction  investigation  at  Eglixi  Field,  Florida,  was  to 
determine  the  effectiveness  of  heavy  equipment  such  as  tractors,  Tournapulls.  and 
the  like,  in  obtaining  compaction  of  free-draining  sand  subgrades  which  would 
meet  the  above  requirements.  The  investigation  at  Eglia  Field  had  the  further 
purpose  of  determining  practical  compaction  methods  which  could  be  used  during 
construction  of  a new  runway  at  that  field,  designed  for  ultimate  reinforcement 
to  a 300,000-lb  plane  load.  * 


KEYWORDS:  Compaction  (Soils);  Sands;  Subgrades;  [Eglia  Air  Force  Base,  Florida] 


f ^ ('‘4  fOSil  < /"■  — y ^ napLACC*  oo  aohm  iat*.  l aan  aa.  nhich  i» 

fATOVAtl^/^  0»A0L«T«  FOR  ARMV  w#«.  UnClUJISS  i f 1 C d 

' ' ' |»Acur4ly  ClAAAUic«tion 


39 


DOCUMENT  COSV«OL  DATA  • K £.  D 

fSf'flitlly  ftmmiti-  «»n»n  of  littf,  N'flj'  of  »nJ  (r><f«a«ntf  iMwa(  #»•  faf-off  la  f/»»altl»d 


I.  OMi6tNAT(Mb  ACtiviTv  (CorvoTof*  •ui/iorj 

U.  S.  Arny  Ensinccr  Waterways  Experiment  Station 
Vlcksbui's,  Mississippi 


Htf*OHT  ttCUNiTV  Ck.A»S.riC*TlC>N 

Unclassified 


CRou^ 


SOIL  COMPACTION  INVESTIGATION;  Report  No.  4,  SUBGRADE  COMPACTION  STUDIES 


4.  OC4CRIPTIVC  kOTCS  (Typm  of  r«po/f  snd  Inciualvm 


%.  AuTHOfUil  (J-'ltat  Mat*,  m/da/9  /n/t/a/,  /aat  naaaj 


4.  RCPORT  OATS 

February  1950 

««.  CONTRACT  OR  6RANT  NO- 

" 

*.  PROJCCT  NO. 

«. 

a. 

7*.  rCTAt.  NO.  OF  PACO 

4S 


to.  OPiCIMATOA*S  report  MUtrcCRl*! 

Technical  Memorandum  No.  3-271, 
Report  No.  4 


10.  OtSTRtCUTION  STATCMCNT 

Approved  for  public  release;  distribution  unlimited. 


t. SWPPkCMCNTARV  NOTeS 


IJ.  SPONSOMINC  MlklTARV  ACTIVITY 
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The  objectives  of  the  study  were  accomplished  by  perfonnaing  laboratory  compaction 
tests  and  field  subgrade  compaction  tests  on  four  plastic  soils  using,  (a)  a specially 
constructed  sheepsfoot  roller  h">ving  18-in. -long  feet  with  a unit  pressure  of 
approximately  1100  psi,  and  (b)  a heavy  rubber-tired  roller  with  a wheel  load  of 
40,000  lb. 
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The  general  purpose  of  these  studies  was  to  investigate  the  effect  of  certain 
variable.':  on  standard  procedures  for  the  preparation  of  laboratory  specimens  for 
the  CBR  test  and  to  develop  a suitable  standard  cpmptaCticn  test  for  cohesionless 
materials. 
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Washington,  D.  C.  20314 

^ •«.  AftSTAAC  T 


I Report  presents  results  of  field  compaction  tests  made  with  a sheepsfoot  roller 
I having  three  different  foot  sizes.  A lean  clay  (formerly  termed  silty  clay)  similar 
1 to  that  used  in  tests  conducted  in  1946  and  described  in  Report  No.  2 of  this  series 
! was  used  in  these  studies.  This  phase  of  the  soil  compaction  investigation  was 

conducted  to  determine:  (a)  the  effect  produced  on  compaction  and  strength  character- 

istics by  Increasing  the  area  of  the  feet  of  sheepsfoot  rollers  while  the  contact 
I pressure  Is  held  constant,  (b)  the  effect  on  compaction  of  number  of 

passes  of  sheepsfoot  rollers,  (c)  the  permanence  of  compaction  in  previously  con- 
structed lean  clay  test  fills-  As  an  incidental  part  of  this  study  the  effective 
diameter  of  the  roller  was  obtained  and  the  findings  are  included  in  this  report. 
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IS.  tPONSOaiNO  MILITANT  ACTIVITY 

Ofiicc,  Chief  of  Engineers 
Washington,  D.  C,  20314 

Report  presents  the  results  of  a field  and  laboratory  study  of  the  effects  of  tire 
pressure  and  number  of  coverages  of  rubber-tired  rollers  and  foot-contact  pressure  of 
shcepsfoot  rollers  the  compaction  and  stress-strain  characteristics  of  a lean-clay 
soil.  Test  fills  were  constructed  using  a rubber-tired  roller,  with  tire  pressures 
ranging  from  50  to  150  psl  and  compacted  by  4 to  16  coverages,  and  a sheepsfoot  roller 
with  14-sq-in.  feet  loaded  to  produce  nominal  foot  contact  pressure  of  125  and  375  psi. 
Laboratory-  and  f ieid-com';^acted  samples  of  the  clay  were  subjected  to  water  content, 
density,  CBR,  and  triaxial  shear  tests.  It  was  found  that  increasing  the  number  of 
coverages  or  tire  pressv^te  of  a rubber-tired  roller,  within  the  limits  used  in  this 
study,  results  in  highex  maximum  densities  at  lover  optimum  water  contents.  Increase 
in  density  resuX$.s  in  (a)  increase  in  strength  where  the  soil  water  content  is  dry  of 
the  optimum  for  the  highest  compaction,  effort  used,  and  (b)  decrease  in  strength  where 
the  soil  water  content  is  wet  of  optimum.  Increasing  the  foot  pressure  of  the  sheeps- 
foot roller  used  had  little  effect  on  the  degree  of  compaction  or  strength  obtained  in 
the  test  soil. 
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Office,  Chief  of  Engineers 
Washington,  D.  C.  20314 

14.  A947MAC  T 

Report  presents  the  results  of  a field  and  laboratory  study  of  the  effects  of 
variation  in  lift  thickness  on  the  coapaction  of  r lean  clay  by  a rubber-tired 
roller.  Lean  clay  test  fills  were  constructed  usin^  a rubber-tired  roller  with 
tires  inflated  to  pressures  of  90  and  130  psi  and  wheel  loads  of  25,000  and  31,250 
lb,  respectively.  Laboratory-  and  field-compacted  samples  were  subjected  to  water 
content,  density,  CBR,  and  triaxial  shear  tests.  It  was  found  that  the  90-psl 
Toller  can  effectively  compact  loose  lift  thicknesses  up  to  14  in.  at  optimum 
water  content,  whereas  the  150-psi  roller  can  effectively  compact  loose  lift 
thicknesses  of  only  9 in.  or  less  at  optimum  water  content  because  of  the  greater 
sinkage  or  rutting  it  produces  In  the  loose  soil.  The  economy  of  compaction  in 
thicker  lifts  must  be  determined  in  the  field.  The  fact  that  heavy  rollers  with 
high-pressure  tires  require  extra  tractive  c££ort  and  possibly  precompaction  with 
lighter  rollers  to  prevent  high  initial  sinkage  and  shovrr.g  in  the  loose  lift  may 
outweigh  the  advantage  gained  by  Che  increase  in  lift  tbilckness. 
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IS.  SPONSORING  MILITART  ACTIVITY 


U.  S.  Air  Force 


This  study  was  conducted  for  the  purpose  of  determining  the  ability  of  vibratory 
rollers  to  compact  soils.  For  coii5)arative  purposes,  a 50-ton  rubber-tired  roller  was 
used  which  is  a required  compaction  device  in  present  Corps  of  Engineers  Guide  Specifi- 
cations. Three  vibratory  rollers  were  selected  for  study  based  on  their  operating 
frequency  which  encompassed  the  rtinge  over  which  present  vibratory  rollers  operate. 
Results  of  this  study  show  that  light  vibratory  rollers  can  obtain  satisfactory 
densities  if  lift  thicknesses  are  restricted.  To  evaluate  the  vibratory  rollers, 
each  was  used  to  conpact  three  soil  types  (a  lean  clay,  a crushed  limestone,  and  a 
clean  sand).  Results  indicate  that  a heavy,  low-frequency  vibratory  roller  will  com- 
pact to  greater  depths  than  a light,  high-frequency  roller;  however,  the  light,  high- 
frequency  roller  will  compact  soil  satisfactorily  for  a few  inches  below  the  surface. 
Soil  types  have  a very  definite  influence  on  results  obtained  with  vibratory  rollers. 
The  vibratory  rollers  generally  perform  better  in  granular  soils;  however,  the  heavy, 
low-frequency  type  rollers  do  a satisfactory  job  in  clay  soils. 
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Report  presents  the  results  of  a combined  laboratory  and  field  study  designed  to 
develop  methods  and  procedures  for  compacting  a graded  crojshed-aggregatc  base  course  to 
the  high  densities  required  in  heavy-load  airfield  pavements  to  preclude  further  appre- 
ciable densif ication  under  aircraft  traffic.  Laboratory  tests,  in  which  aggregate 
gradation,  mold  size,  compaction  effort,  and  layer  thickniess  were  varied,  were  per- 
formed in  an  effort  to  develop  a procedure  which  would  produce  the  very  high  densities 
found  in  airfield  pavements  being  subjected  to  channeliziZ'd  traffic  of  heavy  aircraft. 
However,  the  procedures  tested  showed  no  significant  improvement  over  the  modified 
AASHO  test  procedure  (Military  Standard  MIL-STD-621(CE) ,,  test  method  S-1,  CE  55). 
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The  project  consists  of  the  performance  of  mechanical  analyses,  Acterberg  limits, 
specific  gravity,  Proctor  compaction,  and  California  Bearing  Ratio  tests  on  each 
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Information  and  data  concerning  soil  conditions  in  overseas  theatres. 
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The  objectives  of  these  tests  were:  (1)  to  determine  the  operational  and  functional 

characteristics  of  the  Model  837  aggregate  dryer  and  its  interchangeability  with  the 
dual-drum  dryer  in  a standard  11-unit  asphalt  plant  (technical  name  "Ashpalt  mixing 
plant,  11  units,  diesel  or  gasoline  engine  driven,  110  to  200  tons  per  hour,  stock 
No.  78-1440. 300. 200") ; and  (2)  to  investigate  any  unusual  characteristics  of  the 
machine. 
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t«.  AOST«*ACT 

The  recent  development  of  high-pressure  (greater  than  110  psi)  tires  by  the  Air  Force 
has  posed  new  problems  in  the  design  and  control  of  asphalt  paving  mixtures.  The 
tests  reported  herein  were  performed  to  determine  th^  nature  and  magnitude  of  these 
problems.  These  tests  were  conducted  on  the  existing  portion  of  the  asphalt  stability 
test  section  which  had  been  used  for  the  study  reported  in  Technical  Memorandum 
Ko.  3-23A. 
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Office,  Chief  of  Engineers 
Washington,  D-  C.  20314 

The  Scope  and  purposes  of  the  investigation  were  to  conduct  traffic  tests  on  an 
existing  asphalt  stability  test  section  in  the  15,000-lb  lane  using  the  Navy  F9F 
wheel  assembly  to:  (a)  determine  the  nature  and  magnitude  of  the  problems  presented 

by  the  narrow  high-pressure  tires;  (b)  obtain  as  much  information  as  possible  on  the 
necessary  quality  and  thickness  of  pavements  for  use  by  F9F  airplanes,  and  (c)  obtain 
Information  for  use  in  preparing  future  test  program,  if  needed. 
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11.  SUPPLEMENTARY  NOTES 

13.  tPONSORING  MILITARY  ACTIVITY 

Office,  Chief  of  Engineers 
Washington,  D.  C.  20314 

Report  presents  the  results  of  an  investigation  of  the  stresses  and  deflections 
produced  within  a homogeneous  soil  mass  by  single  and  dual,  uniform,  circular, 
static  loads  applied  to  its  surface.  A limited  amount  of  data  on  the  residual 
stresses  In  the  soil  mass  is  also  presented  and  discussed.  The  results  presented 
herein  were  obtained  from  tests  conducted  between  July  1947  and  April  1948  at  the 
Waterways  Experiment  Station. 
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Office,  Chief  of  Engineers 
Washington,  D.  C.  20314 


The  purpose  of  this  report  is  to  present  formulas,  derived  from  A.  E.  H.  Love*s  work, 
from  which  the  stresses,  deflections,  and  strains  induced  by  uniform  circular  loads 
can  be  computed.  The  functions  obtained  from  Love*s  paper  also  will  be  of  consider- 
able aid  in  connection  with  modification  and  adjustment  of  empirical  design  criteria 
for  flexible  pavements.  This  is  particularly  true  with  respect  to  extrapolation  of 
existing  criteria  to  include  heavier  loads,  higher  tire  pressures,  and  new  multiple- 
wheel  assemblies. 
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Report  presents  the  results  of  an  investigation  of  stresses,  strains,  and  deflections 
produced  within  a mass  of  dry,  homogeneous  sand  by  single  and  dual,  uniform,  circular, 
static  loads  applied  to  its  surface.  A study  of  stresses  other  than  those  produced 
by  direct  loading  is  also  Included  along  with  various  small  related  studies. 
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Washington,  D.  C.  20314 


One  of  the  most  Important  features  of  the  comprehensive  scudy  of  the  distribution  of 
stress,  deflection,  and  strain  in  soil  masses,  of  which  the  triaxial  tests  arc  a part. 
Is  the  determination  by  measurement  of  the  stress-strain  relations  existing  within 
large  soil  masses  subjected  to  surface  loading.  In  two  earlier  phases  of  the  compre- 
hensive investigation,  stress-strain  curves  were  developed,  for  a vertical  orientation, 
that  arc  representative  of  the  actual  stress-strain  relatLons  existing  within  a large 
homogeneous  clayey  silt  and  a large  homogeneous  sand  test  section  during  application 
of  surface  loads.  The  triaxial  test  program  had  as  its  objective  the  establishment 
of  a test  method  or  procedure  whereby  stress-strain  curves  developed  from  laboratory 
tests  on  small,  laboratory  samples  would  duplicate  the  field  data  curves.  By  trial 
and  error  it  was  found  that  curves  developed  in  variable-crDnf ining-pressure  triaxial 
tests  on  undisturbed  samples  from  the  homogeneous  clayey  silt  test  section  yielded 
stress-strain  curves  duplicating  the  field  data  so  closely*  as  to  be  Identical  for 
practical  purposes.  Similar  results  were  obtained  from  pnepared  samples  of  sand  from 
the  homogeneous  sand  test  section.  It  is  believed  that  a fthcoretical  loading  curve 
can  be  used  with  the  variable-conf ining-pressure  triaxial  test  to  develop  stress-strain 
relations  for  soils  of  the  type  used  in  the'  tests  reporteUi.,  and  perhaps  for  other 
types  as  well.  It  is  recommended  that  in  future  work  the  ttest  methods  developed  in 
the  triaxial  study  be  used  to  determine  moduli  of  def ormatiion,  and  that  the  probable 
validity  of  these  moduli  be  considered  in  order  that  the  tnest  methods  developed  in 
the  study  may  be  further  substantiated. 
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Engineer  Research  and  Development  Labs. 
Fort  Belvoir,  Virginia 

Physical  characteristics  of  mats  and  waterproofing  materials,  construction  of  test 
lanes,  and  tests  and  results  are  described.  A supplementary  test  with  greater  wheel 
load  and  tire- inf lation  pressure  Is  also  described  in  the  Appendix. 
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The  objective  of  the  investigations  reported  herein  was  to  obtain  pavement  tempera- 
tures, and  to  observe  and  correlate  the  effects  as  produced  by  U.  S.  Air  Force  jet 
aircraft  operating  on  dry  pavements  at  normal  angle  to  the  horizontal  in  accordance 
with  selected  time-power  cycles  as  determined  by  the  time-movement  study.  The 
objective  was  accomplished  by  the  construction  of  test  panels  composed  of  high- 
quality  asphaltic-concrete  and  portland-cement-concrcte  pavement  surfaces  as 
currently  designed  for  200-psi  tire  pressures.  The  test  panels  were  subjected 
to  blasts  from  the  jet  exhausts  of  eight  current  types  of  military  aircraft. 
Pavement  temperatures  were  determined  by  means  of  thermocouples  installed  in  the 
pavement.  Visual  observations  and  a photographic  record  were  made  for  all  tests. 
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Report  presents  the  results  of  one  of  a series  of  studies  being  conducted  at  overseas 
airfields  to  (a)  evaluate  the  load-carrying  capacity  of  the  pavements,  and  (b)  obtain 
data  for  the  development  of  tics  between  the  land  forms  as  shown  on  airphotos  and  soil 
types  for  possible  future  preparation  of  terrain-airfield  suitability  maps. 
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Torbay  Airfield  Is  located  on  a rocky  peninsula  composed  chiefly  of  folded  sandstones,  I 
slates,  and  limestones.  The  explorations  conducted  by  the  Waterways  Experiment 
Station  overseas  evaluation  team  consisted  of  four  test  pits  located  on  the  runways. 
Pavement  evaluation,  soil  type,  and  topographical  features  are  described  with  the 
aid  of  tables,  graphs,  and  photographs. 
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Ernest  Harmon  Air  Force  Base  is  located  on  the  southwest  coast  of  the  island  of 
Newfoundland,  about  one  and  one-half  miles  east  of  the  village  of  Stephcnvllle , at 
the  head  of  St.  George's  Bay.  Plate  1 shows  a layout  of  the  field  and  a vicinity 
map.  The  results  of  plate  bearing  and  flexural  strength  tests  and  other  data  con- 
tained in  a previous  report  have  been  used  in  this  evaluation.  The  explorations 
conducted  by  the  Waterways  Experiment  Station  overseas  evaluation  team  consisted 
of  ten  test  pits  on  the  runways,  taxlways,  and  apron.  In-place  CBR  tests  and 
moisture  and  density  determinations  were  made  on  the  surface  of  the  subgradc. 
Detailed  results  of  the  tests  are  summarized.  In  general  the  pavements  at  the 
field  are  in  good  condition. 
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Tne  asphalt  pavement  on  the  runway  and  apron  generally  was  in  fair  condition  and  showed 
no  signs  of  distress  other  than  a few  thin  cracks  in  several  small  localized  areas. 

The  surface  of  the  pavement  was  fairly  flat  and  smooth  with  no  crown,  but  having  a 
gentle  slope  we.stward  down  the  runway.  Data  on  in-place  soil  tests  is  shown  on  Table  1. 
Table  2 is  a summary  of  pavement  evaluation.  All  available  aerial  photographs  with 
sufficient  overlap  for  stereoscopic  study  were  obtained. 


KEYWORDS:  Airfields;  Pavement  performance  and  evaluation;  (BW-8  Airfield,  Sondre 

Stromfjord,  Greenland] 


fo:::4  < /?  **^*%  p^puAcr#  00  por»M 

L^L/  «MOV«9l^v/0  o»*OL«T«  ron  ARMY  u® 


«;■.  I jAN  «4.  WHICH  !• 


Unclaialflcd 

CUaalllcaUon 


61 


V/ 


DOCUKtNT  CONTKOL  DATA  -HAD 

t*f  •ft*  fraf  f »nj  hutm  ■ h,fi  mnrtnim  tif'n  atoal  •n(a<a<f  tvhaa  thm  rppntt  la  tlaaalflai1$ 


OMtC  ^CTIVITv  {Cotpofla  •utliot)  Jl#.  «l.l'OnT  Bkcumvv  CLAIBtriCATIWM 

_ , j ^ i 1 Uiicloanl  fled 

U.  S.  Army  Ennlr.cer  Waterways  Experiment  Station 

Vicksburg,  Mississippi 


>.  hCPORT  UTLC 

limited  REC0N:;AISSA?!CE  for  pavement  evaluation  soil  type-aerial  photograph  TIES; 

Report  No.  5,  BU-1  AIRFIELD,  N;\RS,VRSSAUK,  GREENUVVJ 


4.  DCtCftiPTtVC  NOTES  (lYp*  taporl  and  lnc/ii«<rw  da r»t> 


t*  AUTHONiS*  (firai  naffia,  «i/ddia  iaalnam*^ 


«.  REPORT  DATE 

January  1953 


16.  OiSTRIBUtlOM  SlATEMCN 


76.  NO.  OP  REPS 
21 


>«.  TOTAL  NO.  OP  PAOES 

36 


•a.  ONICINATOP**  NEPORT  NUMDCRtSI 

Technical  Memorandum  No.  3-343, 
Report  No.  5 


•6.  CTHCn  RCPOnT  N0(S>  (Any  alhar  numdara  t/iaC  e\*r  6a  maai^naa 
lhl»  ttport) 


Distribution  limited  to  U.  S.  Governnent  agencies  only;  test  and  evaluation;  November 
1971.  Other  requests  for  this  document  must  be  referred  to  U.  S.  Array  Engineer 
Waterways  Experiment  Station,  Vicksburg,  Miss.  39l30.  


tl.  SuPPlCMCNTART  NOTC6 


OTCS  1 

|ia.  SPONIORINC  MILITARY  ACTIVITY 

Office,  Chief  of  Engineers 
Washington,  D,  C.  20314 

This  report  presents  the  results  of  studies  conducted  at  BW-1  Airfield,  Narsarssauk, 
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This  report  presents  the  results  of  studies  conducted  at  Goose  Bay  Airfield,  Labrador, 
Canada  to  (a)  evaluate  the  load-carrying  capacity  of  Che  pavements,  and  (b)  obtain  data 
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This  report  presents  the  results  of  studies  conducted  at  Gander  Airport,  Gander, 
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Landing  facilities  at  Campbell  Air  Force  Base  consist  of  four  runways,  a parking  apron, 
and  connecting  taxiways.  Three  runways  and  two  toxiways  were  constructed  in  1942  with 
a 3-in.  asphaltic-concrete  pavement  and  an  8-in.  crushed-rock  base  course,  with  6-in. 
portland-cement-concrete  turnarounds  at  the  ends  of  the  runways.  Another  runway  (Nl- 
SW),  three  taxiways  (A,  D,  and  E) , and  the  apron  were  constructed  in  1947  with  3-1/2 
In.  of  asphaltic-concrete  pavement  and  a 26-in.  crushcd-rock  base  course.  Field 
evaluations  for  capacity  operations  are  suenmarized  and  results  are  given  on  tables 
and  graphs. 
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evaluation  of  the  pavements  at  Sheppard  Air  Force  Base  was  initiated  because*  the 
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an  evaluation  made  in  1944  indicated  that  the  field  evalumxion  was  about  10,000  lb 
gross  load.  Results  are  given  on  tables  and  graphs. 
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Report  presents  the  results  of  one  of  a series  of  studies  being  conducted  at  zone-of- 
Intcrior  airfields  to  determine  the  Joad-carrying  capacities  of  the  pavements.  An 
evaluation  of  the  pavements  at  Davis-Monthan  Air  For^e  Base  was  considered  desirable 
because  the  field  had  withstood  traffic  by  B-24  aircraft,  50,000-lb  gross  load,  without 
signs  of  distress  in  the  pavement,  but  had  showed  signs  of  distress  under  B-29  and 
B-50  traffic  (130, 000- lb  and  163,000-lb  gross  weights,  respectively).  The  purpose  of 
this  investigation  was  to  determine  the  cause  of  the  pavement  distress  and  to  determine 
the  load-carrying  capacities  of  the  pavements  at  the  base. 
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l>.  ABSTRACT 


The  traffic  tests  and  associated  studies  reported  herein  were  performed  for  fr.e  pur- 
pose of  developing  methods  for  designing  flexible  pavements  to  accomodate  the  multiple- 
wheel  assemblies  of  heavy  planes.  Traffic  was  applied  to  a test  section,  constructed 
of  a medium-strength  lean  clay,  with  wheel  assemblies  simulating  those  of  the  a-?9, 
B-50,  end  B-36  planes.  Test  results  indicate  that  multiple-wheel  design  criteria 
developed  by  theoretical  methods  from  already  established  single-wheel  curves  are 
reasonably  correct  for  this  test  section,  but  are  slightly  on  the  unsafe  side. 


KEYWORDS:  Clays;  Flexible  pavement  design  (Airfields);  Multiple  wheel  landing  gear 


Unclassified 

^ S«oirtCy  CUftiKtcaUon 


DD  /rr..l473 


«»Ai.Aca*  oo  ao**m  t«ri.  f jam  «4.  «mi<h  *» 

PBAOkKT*  rOM  AA*«V 


\ 


192 


ilXlciL 

!V  < 


DOCUMtHT  CONTKOU  DATA  . K & D 

fS*eurltf  tut*,  ot  t •nrf  Infftaing  •'tnofaf/no  0uft  ft*  wh^t*  lh»  gy*r«t>  fp»H  !• 


I.  OMICINATIN6  ACItVtTV  {C9ft>Oimit  mutfiofj  1 »*C»*0«T  kkCUHITV  CU***l^(C*1«ON 

. - . - . 1 Unclasniflcd 

U.  S.  Army  Enclnccr  Waterways  Experiment  Station  ■ ’ 

Vicksbure,  Mlaoissippi 


».  Hf-^OnT  llTkL 

DESIGIJ  OF  FLEXIBLK  AIRFlUiD  PAVET-tElITS  FOR  IKJLTIPLE-WHEEL  IJVNDlIiG  GilAR  ASSET-lBLnS ; 
Report  Wo.  2.  AIJALTSIS  OF  EXISTING  DATA 


4.  OClcniPYiVC  MOTC9  (7>p*  r*pof(  and  lnciu«l?«  d»l*$) 


••  AWTHOHtil  MM.  mlddl9  inliltl,  >4«( 


».  MK.POM1  OATC 

June  J955 


M.  CONTMAC  T on  «n4MT  NO. 


*.  OROJCCT  NO. 


M.  onioiNATon**  ncnoRT  num^croi 

Technical  Memorandum  Ho.  3-3*^9. 
Report  No.  2 


ItK  OTHCn  nCPORT  NOOI  {Anp  et/iAr  nu0i^r«  tfi«r  f**r  ^ ««a/#n«d 
I lhi»  fporl) 


AD  083  086 


10.  OitTRIOOTION  STATCmCnT 


Approved  for  public  release;  distribution  unliialted> 


ft.  OUPPLI.MCNTARV  NOTES 


tJ.  SPONSORINO  MICITART  ACTIVITY 

Office,  Chief  of  Engineers 
Washington,  D.  C.  203lb 


This  study  was  conducted  for  the  purpose  of  re-evaluating  the  current,  tentatively 
adopted  methods  for  resolving  the  existing  single-wheel  design  criteria  for  flexible 
a-rfield  pavements  into  criteria  for  multiple-wheel  assemblies.  Results  of  tests  on 
the  firsc  multiple-wheel  test  section  indicated  that  the  current  method  yields  design 
criteria  for  pavement  and  base  thicknesses  that  are  slightly  on  the  unconservative 
side-  All  available  data  that  might  provide  means  of  comparing  the  effects  of  single 
end  multiple  loadings  were  reviewed  and  a new  analysis  was  made.  Both  stress  and 
deflection  effects  were  examined  wherever  possible.  A proposed  alternate  theoretical 
means  of  resolving  well-established  single-wheel  design  criteria  to  give  valid 
multiple-wheel  criteria  was  developed.  The  alternate  method  of  resolution  is  based 
solely  on  equivalent  deflections,  and  appears  to  give  somewhat  better  results  than 
the  tentative  method  now  in  use.  The  method  has  the  distinct  advantage  of  being 
capable  of  extension  to  any  assembly  configuration  without  additional  assumptions. 
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The  advent  of  jet  aircraft  has  emphasized  the  need  for  flexible  pavements  that 
perform  satisfactorily  under  continual  high-pressure-tire  traffic.  Jet  fuel  sr 
Jet  blast,  and  combinations  of  the  three.  The  effects  of  these  conditions  are 
moat  severe  on  runway  ends  and  parking  aprons.  In  a program  designed  to  allev 
this  need,  the  United  States  Air  Force  has  requested  the  construction  and  test 
several  Jet-fuel-resistant  test  sections  of  flexible  pavements  containing  rubb‘ 
report  discusses  the  design  and  construction  of  the  test  section  at  the  Waterwi 
Experiment  Station. 
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Jet-blast  tests  were  conducted  on  a flexible  paveJent  test  section  surfaced  with 
bituminous  concrete  made  with  tar,  asphalt,  and  rubberized  tar  cement.  Each  cf  the 
pavements  was  placed  at  three  bitumen  contents:  intermediate  (laboratory  design),  and 

10  per  cent  plus  (rich)  or  minus  (lean)  of  the  intermediate  content.  The  objectives 
of  the  tests  were  to  determine  the  performance  of  these  bituminous  pavement  materials 
under  normal  maintenance  blast  (without  afterburners)  of  a Jet  plane,  and  the  critical 
erosion  temperature  of  the  materials. 
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Office,  Chief  of  Engineers 
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The  tests  reported  herein  were  conducted  to  deternine  the  strength  of  hase  ct-rss 
required  under  a double  surface  treatnent  to  support  tire  pressures  ranging  frc= 

100  to  2I4O  ps’  . A small  test  section  containing  a range  of  hase  course  materials 
was  constructed  and  subjected  to  accelerated  traffic  with  airplane  tires  simuua-ing 
tsjcivay  traffic  to  obtain  the  data  presented  herein. 
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The  Waterways  E.rperlment  Station  was  requested  to  conduct  special  Jet-blast  tests  cr. 
the  test  section  with  the  following  objectives:  (a)  determination  of  the  amou.tt  of 

heat  induced  into  the  pavements  during  maintenance  run-ups  of  the  single-engine  Jet 
fighter  plane,  and  (b)  determination  of . the  minimum  temperature  at  which  the  pavements 
melt  sufficiently  to  erode  under  Jet  blast. 
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11.  4P0N10RIM6  MIktTARV  ACTIVITY 

Office,  Chief  of  Engineers 
Washington,  D.  C.  2031^ 

The  purpose  of  this  manual  is  to  present  the  methods  and  procedures  that  are  necessary 
for  control  of  the  construction  of  flexible  pavements.  Although  this  manual  deals 
primarily  with  construction  control  procedures,  section  II  contains  a summary^Gf  the 
flexible  pavement  design  criteria  and  design  procedures  used  by  the  Corps  of  Engineers. 
Sections  III  through  XI  describe  construction  control  procedures,  and  section  XZI, 
campling  and  testing  procedures.  A large  percentage  of  these  are  standard  ASTI-I  or 
AASHO  procedures,  and  where  pertinent,  have  been  reproduced  photographically  and 
included  as  an  appendix  for  ready  reference.  Section  XIII  is  a suggested  outline  of 
the  authorities  and  responsibilities  in  administering  a construction  contract. 


KEYWORDS:  Construction  control;  Flexible  pavement  construction;  Flexible  pavement 

design  (Airfields);  Manuals;  Test  procedures 
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Office,  Chief  of  Engineers 
Washington,  D.  C.  2031^ 
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The  objective  of  the  investigations  vas  to  obtain  pavcinieat  temperatures,  and  to 
observe  and  correlate  other  effects  produced  by  U.  S,  Air  Force  Jet  aircraft  operating 
on  dry  pavements  at  normai  angle  to  the  horizontal  in  accordance  with  selected  time- 
pover  cycles  as  previously  detemined  in  tine-movement  studies.  The  oojective  vas 
accomplished  by  the  construction,  at  Sglin  Air  Force  Base,  Florida,  of  test  panels 
composed  of  high-quality  asphaltic-concrete  and  pcrtland-cement-ccncrete  pavement 
surfaces  as  currently  designed  for  2C0-psi  tire  pressures.  The  test  panels  were 
subjected  to  blasts  from  the  Jet  exhausts  of  eight  current  types  of  military  aircraft. 
Pavement  temperatures  were  detemined  by  means  of  theraocouples  installed  in  the  pave- 
ment. Visual  observations  and  a photographic  record  were  made  for  all  tests. 
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The  primary  objective  of  the  test  vas  to  determine  the  adequacy  of  12-gage  (0.109  in.) 
and  11-gage  (0.120  in.)  mats  as  compared  to  10-gage  (0.13^  in.)  mat  to  meet  the  re- 
vised criteria.  A secondary  objective  of  the  test  was  to  obtain  additional  data  on  a 
50,000-lb,  dual-wheel  assembly  with  a tire-inflation  pressure  of  100-psi  for  use  in 
the  preparation  of  design  curves  for  runways  to  be  surfaced  with  landing  mat. 
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. OTHER  REPORT  NO(*l  (Any  ot/tor  nuoi6or«  IR4(  m^y  t*  *t*lpn*d 
<Mo  t*potl) 


l».  ABSTRACT 


The  Field  Moisture  Content  Investigation  is  a continuing  study  of  moisture  movement 
under  airfield  pavements.  The  initial  phase  of  the  investigation  was  a review  cf 
published  ac'-ounts  of  methods  of  observing  in-place  soil  moisture  content.  As  a 
result  of  this  review  the  Bouyoucos  resistance  block  was  selected  for  trial.  The 
block  appeared  to  be  satisfactory  as  a tool  for  measuring  moisture  contents  in  soil. 
Installations  of  a number  of  Bouyoucos  blocks  were  made  at  three  airfields  in  the 
Albuquerque  District,  CE,  located  at  Albuquerque  (Kirtland  Field),  Clovis,  and  Santa 
Fe,  New  Mexico,  and  periodic  readings  were  taken  for  l8  months.  The  block  installa- 
tions did  not  yield  satisfactory  results.  Laboratory  calibrations  of  moisture  blocks 
with  compacted  .soils  wore  unsuccessful  and  field  block  resistances  did  not  correspond 
systematically  with  field  moisture  contents  as  determined  by  direct  sampling.  A 
review  of  the  work  that  has  been  accomplished  with  moisture  blocks  and  an  analysis 
of  the  failure  of  the  blocks  to  produce  reliable  moisture  content  information  is 
presented  in  this  interim  report. 

KEYWORDS:  Base  courses;  Electrical  resistance  methods;  Field  tests;  Flexible  pave- 

ments; Soil  moisture  measuring  devices;  Subgrades;  Water  concent 
determination  (Soils);  [Clovis  AFB,  Clovis,  New  Mexico;  Klrtland  AFB, 
Albuquerque,  New  Mexico;  Santa  Fe  AFB,  Santa  Fe,  New  Mexico] 
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ta.  tPONtOPINO  MIkITAPV  ACTIVITY 

Office,  Chief  of  Engineers 
Washington,  D.  C.  2031^ 


This  report  is  the  second  of  a series  on  the  study  of  moisture  conditions  under 
flexible  airfield  pavements.  Tne  first  report  dealt  with  the  investigation  of  "he 
Bouyoucos  moisture  cell  as  a possible  instrument  for  measuring  soil  moisture.  Tr.at 
study  showed  that  the  cells  available  at  that  time  were  not  satisfactory  for  use 
under  pavements.  Because  of  this  a "direct  sa.mpling"  method  was  adopted  in  which  a 
sample  of  the  soil  was  obtained  and  dried  in  an  oven.  This  report  describes  that 
phase  of  the  moisture-content  investigation  from  October  19^5  to  November  1952  in 
which  the  direct  sampling  method  was  first  used. 
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ij.  aPONtontNa  wiuitart  activitt 


Office,  Chief  of  Engineers 
Washington,  D.  C.  2031^ 


Tests  were  conducted  on  base  course  and  subgrade  materials  at  Kirtland  A?B,  Albuquerque, 
N.  Mex,,  Sewa:  AFB,  Nashville,  Tenr..,  and  Craig  AFB,  Selma,  Ala.,  located  in  different 

climatic  re(*ions.t  to  determine  the  variation  in  moisture  content  with  tine,  and  the 
movement  and  source  of  moisture  beneath  airfield  pavements.  The  variation  in  r.cisture 
content  with  tine  (all  elevations)  followed  no  prescribed  pattern  of  increase  or 
decrease.  In-place  moisture  contents  varied  directly  with  the  soil’s  plastic  limit, 
liquid  limit,  plasticity  index,  optimum  moisture  content,  and  percentage  of  material 
passing  the  No.  200  sieve.  The  moisture  contents  and  CBR  values  of  laboratory  soaked 
samples  (used  to  predict  the  worst  future  condition  of  the  material)  were  generally 
conservative  compared  to  the  values  obtained  in  the  field  for  base  courses,  and  were 
conservative  in  comparison  to  or  approximated  those  obtained  for  subgrade  materials. 

The  variation  in  moisture  content  could  not  be  directly  related  to  rainfall  zone  or 
climatic  region,  nor  was  the  source  of  the  moisture  definitely  aeterained  for  the 
areas  tested. 
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la.  PPONAOPtNO  MILITANT  ACTIVITY 

Office,  Chief  of  Engineers 
Washington,  D-  C.  2031^ 

l».  A04YAACT 

A 3-1/2-year  field  and  laboratory  investigation  was  made  of  the  behavior  of  ncistJre 
under  pavements  and  of  the  effectiveness  of  the  Coiman  electrical  resistance  soil 
moisture  unit  in  mechanically  and  automatically  measuring  the  moisture  content  and 
changes  therein  that  occur  in  base  cburse  and  subgrade  materials  beneath  flexible 
airfield  pavements. 


KEYWORDS:  Base  courses;  Electrical  resistance  methods;  Field  tests;  Flexible 

pavements;  Subgrades;  Water  content  determination  (Soils) 
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It.  t.ONfO.IN.  HII.IT*nV  .CTIVITT 

Office,  Chief  of  Engineers 
Washington,  D.  C.  2031U 

The  primary  objectives  of  the  study  of  vinyl  membrane  materials  were  to  determine  the 
feasibility  of  utilizing  the  materials  as  surfacing  for  airplane  traffic  and; or 
niattress-type  construction  for  emergency  airfields  ^n  the  theater  of  operations.  Tne 
objectives  of  the  study  were  accomplished  by:  (l)  the  construction  and  traA* ic--es--n* 

of  a wearing  course  test  section,  (2)  the  construction  and  traffic-testing  of  a 
mattress-type  test  section,  (3)  periodic  observations  of  membranes  exposed  to  weather 
for  .approximately  two  years  to  determine  the  effect  of  weathering,  and  (^)  evaluation 
tests  on  membranes  and  soils  as  required.  In  addition  to  the  above,  tests  were  made 
to  determine  the  feasibility  of  laying  an  asphalt  wearing  surface  over  vinyl  membrane. 


KEYWORDS:  Membranes  (Airfields);  Resins  (Synthetic);  Vinyl  resins 


fOSM  4 A oo  #OMM  I4fl.  t 

PUimi«««|473  o.tow.t*  ron 


4AN  ««.  WHICH  !• 


Uncloasificd 

••cwrtfir  CiAAAincaUM 


207 


oocumemt  control  Data  . k «,  d 


(S*f*t*hr  of  tlll4,  of  «6tf*oc(  ontf  mnnatmtlo*% 

t,  OHtCiNATINC  ACTIVITY  (Ccrpotmt9  •ulhot) 


iiiAf  bo  «nfr>o<f  wKon  ffio  ovo/off  rororr  fa  rfaaaffloctt 
ia«.  ALTOMT  •CCUHITV  C L A r 1C  A T lOH 


U*  S*  Army  Engineer  Waterways  Experiment  Stotlon 
Vicksburg,  Mississippi 


HAPonr  TiTkC 


Unclnoslficci 

tb.  GROUP 


TKEOHL'i’lCAL  LAIIDINC  STUDIES 


«.  OCfCRIPTIVC  NOTGf  (Typ*  «f  roporf  ontf  Incfwafvo  dsttt) 


».  Au  T HORiat  «Af  M«««  mt4<U»  fnfdpf, 


[«.  REPORT  DATE 

October  1955 


7m.  TOTAL  NO.  OP  PAGC> 

7't 


7b.  NO.  OP  RCPb 

30 


M.  CONTRACT  OR  GRANT  NO. 

p No^cc  T NO.  3-  69-  Oh-  OOh 

t. 


•A.  ORIGINATOR'S  REPORT  NUl>TOERtbl 

Technical  Memorandum  i!o.  3-l<l8 


tt.  OTNCR  RCPOR  r NOUi  (A»r  mtftmr  rurntbrntm  (bAf  mtmr  b«  AAofpno^ 
tfif*  r«port^ 


AD  083  O8U 


lb.  OIITRIGUTION  statement 


Approved  for  public  release;  distribution  unlimited* 


tl.  SUPPLEMCNTART  NOTES 


12.  SPONSORING  MILITARY  ACTIVITY 

Office,  Chief  of  Engineers 
Washington,  D.  C.  2031^ 


project  No.  8-69-O^-OOU,  "Criteria  for  Designing  Runways  Surfaced  with  Landing  Mat," 
was  established  in  December  1950,  "to  provide  data  from  traffic  tests  and  theoretical 
studies  on  the  service  life  of  landing  mats  and  membrane-type  materials  under  varyir.£ 
conditions  of  subgrades,  wheel  loads,  and  contact  pressures  . . , for  use  by  Englr.eer 
commands  in  designing,  constructing  or  evaluating  airfields  surfaced  with  landing 
in  theaters  of  operations,"  This  report  is  concerned  with  the  theoretical  phase  c 
proj ect. 
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It.  SUPPLEMENT  ART  NOTES 

ta.  SPONSORING  NtlLlTART  ACTIVITY 

Office,  Chief  of  Engineers 
Washington,  D.  C.  2031^ 

I*.  AaStMACT 

This  sunmary  presents  the  results  of  investigations  conducted  by  the  Corps  of  Engineers 
to  date  (July  1955)  relative  to  the  pcrfornance  of  tar- rubber  paving  surfaces  under 
simulated  and  actual  Jet  aircraft  operations.  Since  the  advent  of  jet-propelled  air- 
craft, the  U.  S.  Air  Force  has  been  concerned  with  requirements  necessary  for  con- 
struction of  aircraft  landing  facilities  to  withstand  the  effects  of  Jet  blast,  fuel 
spillage,  and  high-pressure-tire  traffic  on  the  surfaces  of  runways,  tajcivays,  and 
aprons.  As  a result,  the  Corps  of  Engineers,  in  conjunction  with  the  U.  S.  Air  Force, 
initiated  a comprehensive  investigational  program  in  1952  to  determine  the  ability  of 
tar-rubber-concrete  pavement  to  withstand  the  distress  that  Jet-type  aircraft  sometimes 
cause  to  certain  types  of  bituminous  surfaces. 


KEYWORDS;  Exhaust  blast  effects;  Jet  fuel  spillage  (Pavements);  Rubberized-tar 
pavements 
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II.  SUPPLCMCNTAHT  NOTES 


la.  aPONSoniNC  mii.itarv  activity 

Office,  Chief  of  Engineers 
Washington,  D.  C.  2031L 


A three-section  test  lane  was  constructed  and  lO-gage  M8  landing  mat,  with  and  u'lthout 
improved  end  Joints,  laid  transverse  to  traffic,  was  traffic-tested.  In  view  of  the 
results  of  these  tests,  another  test  lane  was  constructed,  and  12-gage  M8  mat  with 
improved  end  Joints,  laid  transverse  to  traffic,  and  lO-gage  mat  with  improved  end 
Joints,  laid  parallel  to  traffic,  were  tested.  Results  indicate  that;  when  traffic 
is  applied  parallel  to  the  long  direction  of  m8  mat  planks,  the  service  life  is  less 
than  one-half  that  of  the  mat -when  traffic  is  applied  in  the  transverse  direction. 
Improved  end  Joints  on  the  10-gage  M8  mat  more  than  doubled  the  service  life  of  the 
mat;  on  the  12-gage  mat  the  service  life  approximately  equaled  the  service  life  of  the 
10-gage  mat  without  improved  Joints. 
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11.  SUPPUEmENTaRV  notes 

IS.  SPONSORING  MILITARY  ACTIVITY 

Office,  Chief  of  Engineers 
Washington,  D.  C.  2031U 

Soils,  asphalt,  and  concrete  tests  were  performed  in  the  Mobile  Materials  Laboratory 
M-II  using  the  testing  procedures  as  given  in  Department  of  the  Army  TM  5-530, 
Materials  Testing;  The  results  of  these  tests  were  then  compared  with  those  obtained 
on  identical  materials  in  a permanent  laboratory.  Agreement  of  results  was  found  to 
be  good.  The  equipment  and  arrangement  of  the  Mobile  Materials  Laboratory  M-II  were 
found  to  be  generally  satisfactory;  however,  mimerous  relatively  minor  revisions  would 
make  the  laboratory  more  efficient  and  convenient. 


KEYWORDS:  Asphalt  tests;  Comparison;  Field  laboratories;  Laboratory  equipment;  Soil 

tests  (Laboratory) 
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It.  SUPPUCMCNTARv  NOTES 


la.  SPONSORING  MIGITARV  ACTIVITY 

Office,  Chief  of  Engineers 
Washington,  D.  C.  2031U 


Field  studies  were  conducted  by  the  Waterways  Experiment  Station  to  further  investigat 
the  suitability  of  calcium  acrylate  as  a soil  stabilizer.  Two  test  lanes  consistir.g  c 
low-bearing  subgrades  surfaced  with  calcium-acrylate-created  soil  were  constructed  and 
traffic-tested  at  a variety  of  wheel  loads  up  to  26,000  lb.  Traffic  performance  data 
were  analyzed  by  comparison  with  existing  flexible  pavement  design  requirements.  Data 
obtained  from  the  previous  ERDL  test  sections  were  also  studied  and  re-evaluated  on  the 
basis  of  flexible  pavement  design  criteria. 
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This  report  Siunnarizes  the  results  of  a limited  laboratory  investigation  and.  field 
study  of  quicklime  as  a stabilizing  material  for  wet,  fine-grained  soils.  The  work 
reported  represents  initial  efforts  to  investigate  a stabilizer  for  very  wet  and 
unstable  soils  which  in  their  natural  state  are  known  to  be  untraf f icable  by  military 
vehicles. 
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This  report  sunmarites  the  results  of  laboratory  and  field  investigations  to  evaluate 
the  ability  of  chemically  modified  portland  ceneiir  to  stabilize  a wet,  plastic  scil. 
The  investigation  comprises  a portion  of  the  research  directed  toward  developing  means 
of  creating  or  maintaining  in  soils  the  physical  characteristics  required  to  sustain 
various  military  operations. 
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Report  presents  the  results  of  one  of  a series  of  studies  hieing  conducted  to  determine 
the  load-carrying  capacities  of  the  pavements  on  various  Anrny  airfields  and  heliports 
In  the  United  States.  The  load-carrying  capacities  of  the  pavements  at  Wolters  Army 
Airfield  with  respect  to  various  landing  gear  types  and  pavement  life  categories  arc 
presented  herein,  as  determined  from  all  available  information  relative  to  the  factors 
I that  affect  the  load-carrying  capacities  of  the  runways,  tarxivays,  and  apron.  The 
I report  includes  data  obtained  from  as-built  drawings  and  aliso  from  in-place  and 
laboratory  tests  performed  for  evaluation  purposes. 
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Report  presents  the  results  of  one  of  a series  of  studies  being  conducted  to  determine 
the  load-carrying  capacities  of  the  pavements  on  various  Army  airfields  and  heliports 
in  the  United  States.  The  load-carrying  capacities  of  the  pavements  at  Crissy  Amy 
Airfield  with  respect  to  various  aircraft  types  and  intensities  of  use  are  presented 
herein,  as  determined  from  all  available  information  relative  to  the  factors  that 
affect  the  load-carrying  capacities  of  the  pavements  oa  the  runway  and  apron. 
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Report  presents  the  results  of  one  of  a series  of  studies  being  conducted  to  detenoine 
the  load-carrying  capacities  of  pavements  at  various  Army  airfields  and  heliports  in 
the  United  States.  Although  the  facilities  at  Butts  Army  Airfield  are  not  of  standard 
design  for  Amy  airfield  construction  in  the  United  States,  they  are  being  used  and  an 
evaluation  was  desired.  The  long-range  program  at  Fort  Carson  is  to  construct  a new 
airfield  consisting  of  paved  surfaces  at  a different  site  from  that  at  which  the 
present  airfield  is  located. 
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Office,  Chief  of  Engineers 
Washington,  D.  C.  2031*t 


Accelerated  traffic  tests  were  conducted  on  a portion  of  the  runway  pavements  at 
Columbus  AFB, -Mississippi,  from  U to  28  September  1958.  The  primary  purpose  of  the 
tests  was  to  proof-test  the  Army  Corps  of  Engineers  flexible  pavement  design  anc 
construction  methods  for  interior  of  runways  for  B-52  traffic.  It  was  desired  that 
the  Juncture  between  the  flexible  and  rigid  pavements  be  included  in  the  tests.  ^ 
Therefore,  in  order  to  test  the  Juncture,  a portion  of  the  rigid  pavement  was  also 
subjected  to  traffic.  This  report  describes  the  runway  pavements,  test  section, 
test  conditions,  and  test  resiilts. 
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1 «6.  AS4TRACT  1 

Laboratory  and/or  field  tests  were  conducted  on  nine  coated  fabrics  to  deteraine  their 
suitability  as  subgrade-protective  membranes  for  surfacing  roads  and  airfields  when 
placed  under  o-  on  landing  mats  or  as  surfacing  without  mats.  In  the  laboratory,  the 
weight,  tensile  "strength,  elongation,  and  resistance  to  flame,  heat,  and  weathering 
of  the  membranes  were  determined.  In  the  field,  test  sections  of  various  combinations 
of  membranes  placed  under  or  on  landing  mats,  and  placed  on  the  subgrade  with  no 
landing  mat,  were  subjected  to  traffic  of  a 50,000-lb  single-wheel  load  applied  in  a 
precise  pattern.  Two  forms  oi"  a reclaimed  rubber  adhesive  were  also  tested  to  observe 
their  ability  to  seal  lapped  Joints  between  membranes  and  to  bond  the  membranes  to  the 
top  surface  of  the  mats. 
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Laboratory  and  field  tests  were  conducted  on  four  coated  fabrics  to  determine  their 
suitability  (a)  as  dustproofing  and  waterproofing  media  when  placed  directly  on  soil 
subgrades,  and  (b)  as  an  expedient  means  for  dustproofing  and  waterproofing  soil 
subgrades  beneath  the  m8  steel  landing  mat.  A Tl,  vinyl-coated  cotton  duck  membrane 
which  had  been  tested  previously  was  used  as  a basis  for  comparison.  Nylon  membranes 
tested  were:  (a)  the  T12,  a neoprene-coated  nylon  membrane;  (b)  the  T13,  a vinyl- 

nylon  membrane;  and  (c)  the  Tl^,  a neoprene-coated  nylon  membrane  with  embossed 
surface  to  improve  skid  resistance  when  wet.  From  laboratory  tests  of  11  adhesives, 
four  were  selected  for  field  tests  to  determine  their  suitability  for  sealing  membrane 
lap  Joints  and  resisting  the  exhaust  blast  of  Jet  aircraft, 
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12.  SPONSORING  MILITARY  ACTIVITY 

Office,  Chief  of  Engineers 
Washington,  D.  C.  2031a 


Report  presents  the  results  of  field  tests  performed  at  the  Waterways  Experiment 
Station  to  observe  the  behavior  of  all  available  materials  recommended  for  use  as 
seal  coats  or  crack  "'illers  in  the  maintenance  of  rubberized-tar  concrete  pavements. 
The  materials  were  evaluated  for  ease  of  application  and  quality  of  performance  under 
conditions  similar  to  those  to  which  they  would  be  subjected  when  used  in  the  main- 
tenance of  rubberized-tar  concrete  airfield  pavements. 
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Analysis  of  all  available  service-behavior  data  from  test  sections  and  prototype 
airfields  indicates  that  single-wheel  CBR  design  criteria  can  be  expressed  as  a 


function  of  two  basic  parameters. 


, CBR 
and  — , 


where  t = thickness  of 


overlying  construction,  A * tire  contact  area  of  each  wheel,  p = contact,  (or  tire) 
pressure  of  single  or  equivalent  single-wheel  load.  With  these  parameters  one  arrives 
at  a single  plotted  curve  that  separates  service-behavior  data  with  regard  to  failures 
and  nonfailures.  This  curve  also  represents  the  complete  pattern  of  basic-strength 
requirements  for  flexible  airfield  pavements  for  single-wheel  loadings.  Previous 
work  has  developed  methods  of  reducing  multiple-wheel  loadings  to  their  equivalent 
single-wheel  loading.  The  analysis  has  also  shown  that  the  upper  elements  of  pave- 
ments should  include  an  extra  thickness  for  durability  and  for  reducing  differential 
settlement.  No  mathematical  expression  has  yet  been  developed  for  this  extra- 
thickness requirement.  i 
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Mechanical  adequacy  tests  of  the  Soil  Testing  Equipaent  Set  No.  1 Revised  mount sd  in 
a 3/U-ton  cargo  trailer  were  made  to  determine  the  ruggedness  of  the  equipment  and 
mountings.  Thtse  tests,  performed  by  the  Engineer  Research  and  Development  Labora- 
tories, shoved  the  modified  trailerto  be  satisfactory  for  storing  the  soil  testing 
equipment  set,  and  for  transporting  it  over  gravel  roads,  cross-country,  and  over 
undeveloped  terrain.  Modifications  of  the  mountings  and  in  the  placement  of  the 
equipment  in  the  trailer  were  made  to  prevent  damage  or  facilitate  access  to  the 
equipment.  Soil  tests  were  performed  by  the  Waterways  Experiment  Station  to  determine 
the  adequacy  of  arrangement  of  the  equipment  for  performing  inplace  and  laboratory 
soil  tests.  The  procedures  used  for  conducting  the  soils  tests  are  those  giver,  in 
Department  of  the  Army  TM  5-530,  Materials  Testing:,  dated  December  1957.  The  con- 
struction, arrangement,  and  equipment  were  generally  satisfactory,  but  minor  revisions 
and  additional  equipment  are  recommended  to  increase  the  efficiency  of  the  mobile 
laboratory. 
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Primary  responsibility  for  Project  1,  Approach  Eoads,  Greenland  1955  program,  vas 
assigned  to  the  Waterways  E.xperiaent  Station  (L^S).  WS3  requested  the  Arctic  Con- 
struction and  Frost  Effects  Laboratory  to  assume  the  work  of  planning  and  conducting 
the  Investigation,  including  preparation  of  progress  reports  and  a final  report. 

WES  reviewed  and  approved  the  plan  of  tests  and  provided  support  throughout  the 
entire  project,  furnishing  person.nel  and  equipment.  ThXs  report  presents  the  results 
of  an  investigation  conducted  during  the  summer  of  1955  at  the  edge  of  the  ice  cap 
near  Thule,  Greenland.  It  is  a progress  report  on  the  dfavelopnent  of  methods  and 
techniques  of  constructing  roads  on  permafrost  terrain  and  glacier  ice  surfaces,  and 
serves  as  a basis  for  plans  for  continuation  of  the  studies.  Although  it  is  consid- 
ered that  the  conclusions  reached  are  sound,  continuatiom  of  the  studies  might 
possibly  result  in  their  modification.  Recommendations  "or  continuing  the  investi- 
gations were  made. 


KEYWORDS:  Arctic  regions;  Permafrost;  Road  constructions;  [Greenland] 
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l«.  AOftlAACT 

The  report  describes  progress  during  the  su-mmers  of  1956-1957  on  development  of 
methods,  techniques,  and  criteria  for  constructing  roads  on  glacial  ice  surfaces  and 
adjacent  ice-free  terrain.  Terrain,  weather,  ice  movement,  ice  ablation,  meltwater 
flow,  performance  of  road  fills,  subsurface  temperatures,  and  thaw  per.etraticr.  were 
studied.  Soil  properties  and  physiography  of  an  area  about  15  miles  square  near 
Camp  TUTO  were  investigated  to  obtain  data  on  sources  of  borrow  materials  and  other 
data  needed  in  design  of  roads,  building  foundations,  etc.  Road  construction  was 
primarily  a continuation  of -that  begun  previously,  with  the  objectives  of  making 
existing  roads  more  useful  and  investigating  several  proposed  designs.  An  80-ft-long, 
vooden-pile-bent  bridge  was  constructed  on  the  ice  by  6 men  in  2-1/2  weeks;  it  sup- 
ported the  heaviest  mobile  equipment  used  and  performed  satisfactorily  for  1-1/2  thaw 
seasons.  Appendices  A and  B present  supplementary  data  on  personnel,  equipment, 
weather,  borings,  and  ice  surface  measurements.  Appendix  C,  by  Mr.  S.  D.  Wilson, 
describes  use  of  the  Wilson  Slope  Indicator  at  TUTO. 
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Washington,  D.  C-  2031^ 

j The  main  disadvantages  of  the  current  standard  steel  landing  nat  (the  10-gage  '.'z)  are: 

I (a)  it  is  a pj orced-type  airfield  surfacing  and  thus  provides  little  protectiir.  to  tr.e 
' subgrade  from  rain  or  blasts  from  Jet  aircraft;  and  (b)  the  end  Joint  is  weait',  o-ten 
causing  failure  in  Md  panels  because  of  "end  curl."  In  an  attempt  to  rez:eay  'oese  two 
detrimental  features,  the  M8  mat  was  redesigned;  revisions  included  climir.ati  :n  of  the 
lightening  holes,  installation  of  new  improved  monent-transferring  end  Jcir.ts,  and^ 
incorporation  of  a new  type  Of  locking  lug.  The  resulting  mat  was  designatea  -ne  *10, 
dust-alleviation  type,  landing  mat.  This  report  describes  results  of  engineering  -ests 
of  TIO  landing  mat  formed  from  both  0.l25-in.-  and  0.1^0-in.— thick  steel  shee-s. 
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Laboratory  and  field  storageability  tests  vere  conducted  on  six  coated  fabrics  to 
determine  their,  capabilities  for  storage  in  the  Temperate  Zone  over  a period  cf  three 
years.  In  the  laboratory,  the  tensile  strengths  and  elongation  properties  of  the  mem- 
branes were  determined  before  and  after  the  storage  period.  In  the  field,  rolls  of 
membranes  were  placed  in  racks  and  exposed  to  prevailing  veather  conditions  vith  no 
protection  from  rain  or  sun.  Inspections  were  made  of  the  materials  at  periodic  inter- 
vals and  photographs  vere  taken  to  show  important  developments.  Measurements  cf  temper- 
ature, precipitation,  and  relative  humidity  vere  recorded  throughout  the  storage 
period. 
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S.  ARSTRACT 

Laboratory  tests  and  field  exposure  tests  were  conducted  on  four  coated  fabrics 
determine  their  suitability  for  storage  under  Torrid  Zone  climatic  conditions 
period  of  three  years.  The  performance  under  exposure  of  dry-back  adhesive,  vh 
is  used  to  fasten  strips  of  membrane  together,  was  also  observed.  In  the  labor 
the  tensile  strength  of  each  membrane  was  determined  before,  during,  and  after 
storage  period;  the  effects  of  weathering  were  also  determined  by  measuring  thl 
and  weighing  samples  of  the  membranes  before  and  after  the  three-year  storage  p 
In  the  field,  membrane  rolls  with  wooden  and  cardboard  cores  were  placed  in  a 
and  exposed  to  prevailing  weather  conditions  with  no  protection  from  rain  or  s*j 
membrane  materials  were  inspected  periodically,  and  photographs  were  taken  to  r 
important  developments.  Temperature,  rainfall,  and  relative  humidity  data  were 
recorded  throughout  the  storage  period. 
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Five  deflection  gages,  each  consisting  of  a circular  and  a linear  potentioceter 
coupled  together,  were  installed  in  a 12-ply  rating  tire,  mounted  on  a loaded  2-1/2- 
ton  truck,  to  measure  both  translational  and  rotational  mover.ent  of  points  on  the 
inside  surface  of  the  tire.  The  truck  was  run  on  asphalt,  sand,  and  silt  surfaces. 
Vehicle  speed,  number  of  passes,  wheel  load,  tire  pressure,  and  temperature  of  the 
air  within  the  tire  were  varied.  Test  results  shoved  the  shape  of  a moving  tire  tc 
be  determined  primarily  by  wheel  load,  tire-inflation  pressure,  and  type  and  con- 
dition of  surface  traversed.  At  constant  inflation  pressure,  temperature  variations 
within  the  range  experienced  during  this  test  program  did  not  affect  tire-deflection 
patterns.  The  magnitude  of  the  tire  deflection  decreased  with  repetitive  traffic 
on  the  silt  surface  but  not  on  the  sand.  Results  also  indicate  that  gages  with  two 
degrees  of  freedom  are  adequate  for  measuring  tire  deflection. 


KEYWORDS:  Flexible  pavements;  Pneumatic  tires;  Sands;  Silts;  Tire  deflection;  Tire 

test  equipment;  Tire-pavement  interaction 
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This  report  presents  the  results  of  an  .analytical  study  made  to  develop  criteria  for 
determining  the  degree  of  compaction  required  at  different  depths  in  soils  beneatr. 
flexible  airfield  pavements  to  prevent  consolidation  of  the  soil  under  wheel  loads 
and  consequent  dcfoz-mation  of  the  pavement.  The  report  pertains  particularly  to 
pavements  constructed  for  use  by  airplanes  with  high-pressure  tires  and  multiple 
wheels. 
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i.  SPOssoniNC  wiLtTAnv 


The  primary  objectives  of  the  jresent  investigation  were  to:  (a)  evaluate,  by  means  of 

field  tests,  several  materials  as  dustproofing  and/or  waterproofing  agents  for  soil 
under  varied  weather  conditions  and  a controlled  amount  of  traffic  over  a one-year 
period,  and  (b)  develop  correlative  laboratory  evaluation  tests  to  supplement  the 
field  studies,  and  to  establish  laboratory  procedures  for  evaluating  other  potential 
dustproofing  and  waterproofing  agents. 
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U.  S.  Army  Materiel  Command 
Washington,  D.  C.  .2031^ 


This  report  describes  and  gives  the  results  of  two  separate  phases  of  laboratory 
Investigations  conducted  at  the  U.  S.  Army  Engineer  Waterways  Experiment  Station  to: 

(a)  examine  the  ability  of  several  materials,  found  in  a previous  study  to  be  effective 
dustproofers  and  vaterproofers  of  a lean  clay,  to  waterproof  soils  of  various  types; 
and  (b)  determine  the  soil  waterproofing  potential  of  numerous  untested  fomulaticr.s 
selected  for  examination  on  the  basis  of  a review  of  soil  additive  systems  developed 
since  1955  In  the  related  military  soil  stabilization  project. 
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A portion  of  the  runway  pavement  at  Columbus  AFB,  Miss.,  vas  subjected  to  5000  cover- 
ages of  accelerated  traffic  with  a test  load  cart  operated  to  simulate  B-52  traffic  to 
check  the  Corps  of  Engineers  design  criteria  for  flexible  pavements.  An  adjoining 
rigid  pavement  section  was  also  subjected  to  traffic.  The  accelerated  traffic  resulted 
In  some  settlement  and  cracking  in  both  the  flexible  and  rigid  pavements.  This  report 
describes  after-traffic  tests  of  the  structural  properties  of  both  types  of  pavements 
and  of  the  subsurface  materials  made  to  determine  the  causes  of  the  pavement  distress 
and  to  evaluate  the  design  criteria  used  for  the  pavements. 
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Accelerated  traffic  tests,  siaiulating  aircraft  taxiing  operations,  vere  conducted  on  | 
test  sections,  constructed  with  a range  of  subgrede  and  base  course  strengths,  tha*:  | 

represented  unsurfaced  or  cier.brane-surfaced  airstrips  and  runways  surfaced  with 
M6,  M8,  and  M9  landing  mat.  The  purpose  of  these  traffic  tests  was  to  provide  data 
on  the  service  life  of  the  unsurfaced  and  mat-surfaced  runways  under  various  conditicr.s 
of  wheel  load,  tire  pressure,  and  base  and  subgrade.  From  these  data,  design  curves 
based  on  similar  CBR  design  curves  for  bituminous  pavements  were  to  be  developed  fsr  j 

unsurfaced,  membrane-,  and  mat-surfaced  runways.  l 


KKYWORBS:  Accelerated  traffic  tests;  Design  standards;  Landing  mats;  Membranes 

(Airfields );  Unsurfaced  runways;  [M6,  J-Jd,  and  K9  landing  mats] 


DD  .'^“..1473 


• DO  ««r«.  I jcm  0c,  mmiem  is 


Unclassified 


$*curttT  CUtaUicftUofi 


257 


OOCU‘*UNT  CONTROL  DATA  . R {.  D 


f5*<ur((|p  rtmtalfle^ifon  «/  Aort/  «(  mhttrmtt  •orf  »nnoistl6^  ntumt  hm  w-hitn  >/■«  oo>r«»  la  el»»»Htedi 


t.  Qf«i6mATiNb  ACTIVITY  (CorpofBt*  Awii'ioO 

U.  S.  Army  Enalnoer  Waterwnys  Experiment  Station  • 
Vicksburg,  Mississippi 

la*.  A(.ronr  •ccuniTv  Ck.A»naicATiON 

Unclasnificd 

>6.  CMOpr* 

RtPOAT  TITLC 

PORTABLE  SUR^'ACING  FUH  MILITARY  ACCESS  ROADS:  Report  No 
TESTS  ■ 

. 1,  LABORATORY  A.’JD  TANK  TRAP.- 1 C 

4.  PCSCniPTtVC  MOTiiS  f7>p*  ot  fp«ft  antf  incfualv* 

«.  HCPOnr  OATS 

May  i960 

7m.  TOTAL  NO.  OP  PA6CS 

1? 

76.  NO.  OP  REPS 

•«.  CONTRACT  on  «RANT  MO. 

*4  0R0JCCTM0.  8-69-03-001 

c. 

4. 

»«.  ORiaiNATOn'l  REPORT  MUUVCR(4f 

Technical  Report  No.  3-5*-2,  Report  No.  1 

OTHER  REPORT  NOOl  (Anf  «ih«r  Ihst  ^ 00»lgn*^ 

IM*  tmport) 

AD  238  028 

«».  OISTntOOTlON  STATCMCNT 

Approved  for  public  release;  distribution  unlimited-  | 

II.  •UPPkCMCMTAHT  NOTC* 

la.  tPONaORiNa  military  activity 
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Washington,  D.  C.  2031^ 

1 l«.  AOATRACT  I 

Laboratory  and  field  tests  were  conducted  on  three  coated  fabrics  to  detennine  their 
suitability  (a)  as  dustproofing  and  waterproofing  media  when  placed  directly  on  soil 
subgrades,  and  (b)  as  an  expedient  means  for  rapid  construction  of  access  roads  to 
temporary  bridge  sites.  Membranes  tested  were:  (a)  the  Tl,  a No.  8 cotton  duck, 

vinyl-coated  membrane;  (b)  the  T12,  a neoprene-coated  nylon  membrane;  and  (c)  the  T13, 
a vinyl-coated  nylon  membrane.  Three  types  of  adhesives  were  also  field-tested  to 
determine  their  ability  to  seal  membrane  lap  joints. 
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INVESriCATiroi  OF  BEHAVIOR  OF  FLEKIBLE  AIRFIELD  PAVU-ENTS,  EFFECT  OF  CHAHLELIZEI , 
HFAVT-AIRCRAFT  TRAFFIC 


4.  OL>C  RtPTiVC  NO  TCI  (Typp  «f  fpott  *nd  lne/w«lT* 


«.  AUTHOROl  nAin*.  tnltiai^  InlUmt, 


tfr.  OTMCR  rCPORT  N0U>  (Anj  fMiai6«r«  tfMt  »« 

iMs  tmpori) 

AD  2b0  275 


OISTRIPWTfON  iTATCUCNr 


Approved  for  public  release;  discrlbutlon  unlimited. 


n. cuPPLCMCHTAMr  notcs 


I la.  tPONSORiNa  uikiTARv  activity 


This  report  describes  results  of  visual  observations  of  the  behavior  of  flexibi' 
airfield  pavements  subjected  to  channelized  traffic  of  heavy  aircraft  at  23  Air 
Force  bases  over  a period  of  four  years,  and  presents  data  pertinent  thereto, 
included  in  the  report  are  results  of  laboratory  tests  conducted  on  samples  of 
ment  taken  from  11  of  the  23  airfields  to  determine  any  change  that  may  have  oc. 
in  the  physical  properties  of  the  asphaltic  concrete  mix  after  the  pavement  was 
subjected  to  traffic.  The  samples  were  subjected  to  density,  stability,  flow, 
tion,  and  gradation  tests;  in'  addition,  the  ductility,  softening  point,  penetra 
and  specific  gravity  of  the  asphalt  cement  and  the  specific  gravity  and  gradati' 
the  aggregate  were  determined. 
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12.  t.ONBO.INO  Mli.lTA.V  ACTIVITY 

Chief  of  Engineers,  DA 
Washington,  D.  C.  2031** 


The  Waterways  Experiaent  Station  participated  in  aircraft  operational  tests  conducted 
by  the  Air  force  Operational  Test  Center  at  two  test  sites,  Eglin  AFB,  Florida,  and 
Pope  AFB,  North  Carolina,  which  consisted  of  unprepared,  sandy  soil  with  sparse  vege- 
tation. Penctroaeter  readings  obtained  at  the  two  sites  before  and  during  the  tests 
were  correlated  with  C3R  and  converted  to  approxiaate  CBR  values.  Conclusions  were 
that:  (a)  both  the  C-1233  and  C-130A  can  operate  successfully  on  sand  subgrades  with 

surface  ruts  as  deep  as  U to  6 in.;  (b)  the  average  soil  strength  for  the  6-  through 
12-in.  depth  can  be  used  for  evaluating  the  load-carrying  capacity  of  a sand  subgrade; 
(c)  Increasing  wheel  loads  at  constant  tire-inflation  pressures  up  to  116,000  lb  had 
little  or  no  effect  on  depth  of  ruts;  (d)  increasing  tire  pressure  for  a constant  or 
increasing  wheel  load  resulted  in  more  severe  rutting  and  disturbance  of  the  sand 
subgrade;  (e)  minimum  subgrade  strength  requirements  (based  on  average  strength  Values 
for  ihe  6-  through  12-in.  depth),  as  determined  from  tests  with  C-123B  and  C-130A 
aircraft,  were  in  good  agreement  with  strength  requirements  indicated  by  the  previously 
developed  CBR  design  curves;  and  (f)  tentative  strength  criteria  established  by  WES 
and  ORDL  for  the  operation  of  aircraft  on  unsurfaced  soils  are  as  good  as  can  be 
established  from  data  available  at  the  present  time. 

KEYWORDS:  Military  bases;  Soil  strength;  Unsurfaced  airfields;  [Eglin  AFB,  Fla.; 

Pope  AFB,  N.  CarolinaJ 
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Office,  Chief  of  Engineers 
Washington , D.  C.  20314 


Traffic  was  applied  to  a flexible  pavenent  test  section,  consisting  of  a well-graied 
Jimeslonc  base  course  constructed  on  a weak  clay  subgrade,  with  10,000-,  25,000-,  and 
50,000-lb  single-wheel-load  test  carts  to  study  the  effects  of  mixed  traffic  on 
flexible  pavements  not  subject  to  frost  conditions  or  other  conditions  requiring 
special  consideration.  Deflection,  deformation,  density,  and  CBR  were  measured  at 
sp«L,iriel  inter. Ills  of  test  traffic. 


KEYWORDS:  Flexible  pavement  performance  and  evaluation  (Highways);  Traffic  tests 
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This  repon,  describes  the  design,  construction,  and  testing  of  the  pilot  test  section, 
presents  conclusions  derived  therefrom,  and  makes  recoimiendations  for  the  design  of 
paving  mixtures  for  use  in  pavements  subjected  to  B-52  traffic. 


KEYVORDS:  Asphalt  mix  design;  Flexible  pavement  design  (Airfields) 


fCILM  4 ^ PEPuACts  00  rc*M  i4*a.  • jan  *a.  PniCN  •• 

UU  /«>  ©••oi.Eic  FOP  AP«»  oi«.  Unclassified 


Unclassified 

S>ecurt<r  Cj«c«if<c«tion 


266 


I 

j 


DOCUMcHr  COmROL  data  -rid 


(ittufUy  clm»*IUt*Uor>  o/  Utt»,  body  '•t  ablfraCf  *nd  «nnofaif*in  nu'«(  be  aAfered  u-h^n  th*  owr»U  rrpott  (t 


l.OniCiNATiNS  ^criVlTv  (Corpotmt*  4utborj 

U.  S.  Army  Engineer  Waterways  Experiment  Station 
Vicksburg,  Mississippi 

2«.NLRORt  SCCuRITt  C L A F i C A T > .» •« 

Unclassified 

36.  CROUP 

>.  MCWO^iT  1ITLC 

DEVELOPHEUT  OF  THE  GYRATORY  TESTING  MACHINE  AND  PROCEDURES  FOR  TESTING  BITUMINOUS 
PAVING  MIXTURES 

• - AUTHORlS)  (t'lft  n«oi4,  miaai*  inllUl,  U»t  n«m4> 

b.  MCWONT  DATC 

February  1962 

T«.  TOTAL  NO.  OF  PACCb  |7b.  MO.  OF  RCFS 

66  1 

bA.  CONTRACT  OR  CRANT  NO. 
4.  RROJKCT  NO. 

•« 

4. 

b«.  ORI6<NATOR*>  RCF’ORT  t^'/UT  l<b) 

Technical  Report  No.  3-505 

bb.  DTmC  R REPORT  mOISI  f>ln>  oUxmt  nuR6«r4  thst  nsy  6#  m$9tgne<t 
IMt  r*por$) 

AD  280  912 

lb.  OlbTRISUTlON  bTATCMCNT  | 

Approved  for  public  release;  distribution  unlimited.  | 

■ 

\\.  bUWRkCMCNtARV  NOTCb 

IS.  tPON.ORINC  MIUI'r.R.  ACTIVITY 

Office,  Chief  of  Engineers 
Washington,  D.  C.  2031*t 

t).  A»tTM*CT 


In  an  effort  to  develop  improved  procedures  for  the  design  and  control  of  hot-mix 
bituminous  pavements  the  Waterways  Experiment  Station  developed  the  gyratory  testing 
machine,  a laboratory  compaction  and  testing  device  believed  capable  of:  (a)  pro- 

ducing the  high  densities  that  develop  under  channelized,  traffic  of  heavy  wheel  loads; 
(b)  producing  specimens  with  stress-strain  characteristics  similar  to  those  of  actual 
pavement  samples  of  equal  density  and  bitumen  content;  (c)  predicting  the  number  of 
load  applications  a paving  mixture  can  withstand  before  Tailure;  (d)  predicting  the 
design  bitumen  content  independently  of  voids  criteria;  ettid  (e)  providing  a more 
positive  and  faster  plant-control  test.  Extensive  laboraitory  and  field  tests  proved 
the  principle  of  the  gyratory  testing  machine  to  be  soumi  and  its  predictions  to  be 
more  accurate  than  those  of  other  previously  established,  test  methods.  Tentative 
gyratory  procedures  for  determining  the  design  bitumen  content  of  airfield  pavements 
were  established  that  are  considered  ready  for  trial.  It  is  recommended  that  further 
studies  be  conducted  to  develop  the  many  possible  applications  of  the  gyratory  testing 
machine. 
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In  1955,  pavement  distress  at  certain  air  bases  caused  by  channelized  traffic  of 
heavy  aircraft  prompted  modifications  to  the  existing  design  criteria  for 

flexible  paveiaents,  including  increases  in:  total  thickness  above  subgrade,  subgraie 

compaction  requirements,  and  base  course  thickness.  In  order  to  validate  the  revises 
criteria,  a program  of  laboratory  and  traffic  tests  vas  initiated.  A test  section 
was  designed,  constructed,  and  tested  to  determine  whether  the  increase  in  total 
thickness  and  the  increase  in  subgrade  compaction  requirements  for  cohesionless 
materials  were  needed. 
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The  study  reported  herein  was  a prelininary  investigation  made  to  provide  guidance  for 
a planned,  longer  range  research  program  to  develoo  and  apply  new  and  existing  methods 
for  measuring  and  predicting  in  quantitative  and  semiquantitative  terms  the  effects  of 
environmental  factors  on  ground  vehicles  operating  in  Southeast  Asia.  The  report  is 
concerned  specifically  with  the  results  of  a field  program  conducted  in  Thailand.  It 
presents  a summary  of  the  state  of  the  art  of  measuring  and  predicting  the  effects  of 
environmental  factors  on  ground  mobility,  describes  the  environmental  factors  that  affect 
ground  mobility,  presents  the  factor  family  concept  and  data  adapted  to  ground-mobility 
purposes,  and  categorizes  in  tabular  form  environmental  data  by  landscape  types  and 
subunits  that  occur  in  Thailand.  Estimates  of  the  probable  effects  of  terrain  factors 
on  the  performance  of  highly  mobile  vehicles  are  made  for  each  landscape  subu.nit.  The 
report  also  presents  conclusions  and  recommendations  derived  from  an  evaluation  of  the 
investigation.  Eight  appendices  (A-H)  were  also  published  (in  separate  volumes)  in 
conjunction  with  this  report.  Appendix  A describes  the  results  of  a survey  of  unclas- 
sified existing  data  and  literature.  Appendices  B,  C,  D,  E,  F,  and  0 present  methods 
of  measurement  and  data  tabulations  and  graphic  presentations  relative  to  the  specific 
terrain  factor  with  which  each  is  concerned,  i.e.  soil  classification,  soil  traffica- 
bility,  vegetation,  surface  geometry,  hydrologic  geometry,  and  weather  and  climate, 
respectively.  Appendix  H presents  an  evaluation  of  the  roads  over  which  the  prelim- 
inary survey  test  team  traveled  during  the  field  data  collection. 
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Experience  with  landing  mat  has  led  to  increased  confidence  through 
accumulated  knowledge  of  its  performance.  This  in  turn  indicated  a 
need  to  relax  the  early-adopted  policy  of  very  conservatively  rating 
the  subgrade  strength  of  test  sections  used  in  detei-mining  mat 
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Th*i  primary  objective  of  this  study  was  to  develop  a laboratory  test  procedure  for 
selecting  ontimua  binder  content  for  epoxy-asphalt  concrete  mixtures.  Other  ob.lectives 
of  the  study  to:  (a)  determine  the  effect  of  binder  content  on  fuel  and  blast 

resistance;  (b)  compare  the  performance  of  epoxy-asphalt  concrete  constructed  with 
type  1 binder  material  and  that  constructed  with  type  2 binder;  and  (c)  compare  the 
effectiveness  of  an  epoxy-asphalt  binder  tack  coat  with  the  effectiveness  of  a con- 
ventional asphalt  tack  coat.  This  report  presents  the  results  of  the  laboratory  tests, 
and  describes  the  construction  and  evaluation  of  the  overlay  test  section  containing 
both  the  type  1 and  type  2 epoxy-asphalt  binders. 
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13  ABSTRACT 


Field  tests  were  conducted  with  operational  helicopters  at  Fort  Rucker,  Ala.,  and 
at  the  V.'atei-ways  Experiment  Station  to  determine  downwash  velocity  profiles.  In 
addition,  tests  utilizing  scale-model  rotcr  blades  were  made  at  the  Wi’3  over  wet 
and  dry  sands  and  a y lean  clay,  and  over  a che.mic.ally  stabilized  soil, 
plastic-lmpreGnatcd  soils,  and  lightweight  ground  covers  (membranes)  to  determine 
model-scale  velocity  profiles  and  air  velocities  at  the  ground  surface  required 
to  dislodge  and  move  particles  of  various  ti'pes  of  soil,  the  size  of  soil  area 
requiring  protection  for  various  Vl'OL  aircraft,  and  the  effectiveness  of  mem- 
branes and  soil  stabilization  in  preventing  dust-cloud  formation.  It  was  con- 
cluded that  (a)  the  downwach  velocities  along  the  ground  surface  cause  soil- 
particle  piclcup,  and  dust  hazai’d  conditions  will  develop  if  these  velocities  ex- 
ceed 1200  fpm  over  fine  dry  sand  and  I80O  fprn  ove-^  dust-size  particles  of  lean 
clay;  (b)  lightweight  ground  covers  can  alleviate  dust  in  the  landing  and  takeoff 
area  of  helicopters,  and  a vertical  lip  around  the  edge  of  the  membrane  will  re- 
duce the  size  of  membrane  section  needed;  (c)  certain  soil  stabilizers  tested 
will  alleviate  dust  formation  under  rotary-wing  aircraft;  and  (d)  there  is  need 
for  more  accurate  measurement  of  prototype  data  for  each  aircraft  in  order  to 
analyze  completely  the  various  parameters  involved  in  scaling  and  to  establish 
those  of  paramount  Importance  so  that  small-scale  tests  can  be  used  to  predict 
downvfash  blast  effects  of  .’'uU-scale  aircraft. 

KEYWORDS:  Blast  effects;  Dust  control;  Helicopter  landing  pads; 

Membranes  (Airfields);  Soil  stabilization 
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13  ABSTRACT 

Tests  were  conducted  to  evaluate  the  perfornance  of  a neoprene-coated  nylon  aen- 
brane  placed  as  a dustproofing  surface  a.nd  held  in  place  by  improvised  anchor  sys- 
tems. The  membrane  was  tested  in  the  laboratory  to  determine  its  weight,  tensile 
and  tear  strengths,  elongation,  permeability,  and  resistance  to  weathering,  flame, 
heat,  cold,  and  fuel  spillage.  In  the  field,  the  membra.ne  was  anchored  by  both 
flat-plate  and  arrowhead  anchors  and  on  both  in-place  and  constructed  subgrades. 

The  surfacing  secured  with  flat-plate  anchors  was  subjected  to  operations  of  a 
CH-21C  helicopter.  The  tests  indicated  that:  (a)  the  membrane  anchored  on  a silt 

subgrade  with  185  flat-plate  anchors  provided  satisfactory  operating  conditions  for 
the  CH-21C  helicopter,  (b)  the  time  required  for  12  men  to  place  the  membra.ne  with 
185  flat-plate  anchors  was  50  to  60  minutes,  (c)  the  time  required  for  8 men  to 
place  the  membrane  with  arrowhead  anchors  was  40  to  50  minutes,  (d)  the  arrowhead 
anchors  had  greater  holding  strength  in  all  subgrades  tested  than  the  flat-plate 
anchors,  and  had  adequate  holding  strength  in  both  silt  and  sand  subgrades, 

(e)  flat-plate  anchors  had  adequate  holding  strength  in  the  silt  subgrade  but  not 
in  the  sand. 
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This  report  describes  results  of  an  investi^jation  conducted  to  evaluate  an 
experimental,  commercially  fabricated,  plastic  landing  mat  designated  the  T13- 
It  i.s  a sandwich  structure  made  of  glass-fabric-reinforced  phenolic  resin  honey- 
comb core  bonded  top  and  bottom  to  glass- fabric-reinforced  epoxy  resin  facings. 

The  investigation  consisted  of  laboratory  tests  to  determine  the  structural 
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in  comparing  the  performance  of  the  TI3  plastic  mat  with  that  of  the  10-gage  m8 
steel  mat  and  with  jiroject  requirements.  The  tests  revealed  a major  deficiency 
in  the  strength  of  the  adhesive  bond  between  the  extruded  aluminum  connectors  and 
the  facings  of  the  TI3  mat.  Other  .structural  properties  of  the  mat,  such  as 
tensile,  compressive,  and  flexural  strengths  of  the  facings  and  panels,  were  close 
to  the  desired  values  considered  necessary  to  meet  project  requirements.  The 
adhesive  bond  connection  between  connectors  and  facings  was  supplemented  by  a 
riveted  type  of  connection.  The  TI3  mat  then  sustained  350  coverages  of  a 
50, 000- lb  single-wheel  load  emd  200-psi  tire  pressure  on  a l^i-CBR  subgrade.  In 
view  of  the  more  severe  operational  requirements  for  present-day  airfield  surfac- 
ing, it  is  recommended  that  consideration  be  given  to  new  plastic  landing  mat 
designs  as  well  as  to  possible  modifications  of  the  TI3  mat  design  to  determine 
the  feasibility  of  proceeding  with  further  engineering  tests  of  plastic  landing 
mats. 


KEYWORDS:  Plastic  landing  mats;  [T13  landing  mat] 


DD  /r*:*  1473  un 


Unclassified 

Security  Classification 


w\ 


Unclassified 

Security  Classification 

DOCUMENT  CONTROL  DATA  ■ R&D 

(Security  cl»»»iticetion  ol  title,  body  o/  abstract  and  indrxind  ennotetion  niuat  be  entered  when  the  overall  report  la  c t.mxttivd) 

I ORIOINATIN  G ACT|\/|‘*^Y  fCorporaJe  author;  2a  K CPOR  T SECURf  T Y C L *SSI  A T fON 

U.  S.  Army  Engineer  Waterways  Experunent  Station  Unclassified 

P.  0.  Box  631  s"oup 

Vicksburg,  Miss. 

3 REPORT  TITLE 

OPERATIONAL  TEST  OF  MODIFIED  Til  ALUMINUM  LANDIiJG  MAT,  EICLAIO  AFB,  IDUISIANA 


4 descriptive  notes  (Typo  ol  report  and  Inclueive  dafea; 

Final  report 

5 AUTHORf^S;  fl.a«(  name,  first  natne,  initiai; 

Burns,  Cecil  D. 

Carr,  Gordon  L. 

6 REPORT  DATE 

Jme  15)65 

8a.  CONTRACT  OR  GRANT  NO. 


7a  TOTAL  NO-  OF  PACF.5  7b  NO  OF  REFS 

106  2 

9a.  ORIGINATOR'S  REPORT  NUMBCRfS; 


b.  PROJEC  T NO-  lV0-21T01-A-0)f6 


Technical  Report  Ho.  3-679 


10.  A VA  IL  ABILITY/LIMiTATtON  NOTICES 


9b.  OTHER  REPORT  NOf^S;  CAny  Other  numbers  that  may  be  assf^ra^ 
I (his  report) 


AD  620  031 


Approved  for  public  release;  distribution  unlimited. 


It  SUPPLEMENTARY  NOTES 


12  SPONSORING  MILITARY  ACTIVITY 


U.  S.  Army  Materiel  Command 


13  ABSTRACT 


This  test  was  conducted  to  assess  the  capability  of  experimental, 
modified,  Til  extruded- aluminum  landing  mat  as  expedient  airfield 
surfacing  for  use  by  fighter  and  cargo  aircraft.  The  mat  was  placed 
on  a clayey- silt  subgrade  rated  at  4 to  7 CBR  in  a rimway  complex 
72  ft  wide  and  1000  ft  long  with  parallel  and  connecting  taociways 
48  ft  wide . The  system  was  then  subjected  to  various  operations  of 
fighter  and  cargo  aircraft  types  C-I3OE,  C-I23B,  F-lOO,  and  F-4C. 

The  mat  was  found  suitable  for  the  operation  of  cargo  aircraft  and 
for  taxiing  of  fighter  aircraft,  but  special  and  careful  treatment 
of  drainage,  anchorage,  and  transitions  at  intersections  was  found 
necessary. 
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' 13  ABSTRACT 


This  investigation  was  conducted  to  evaluate  the  performance  of  sown  ricmbrane  panels 
as  a dustproof  and  waterproof  cover  for  soil  subgradcs  and  as  a material  for  rapid 
construction  of  helicopter  landing  pads  in  theaters  of  operations.  Eighu  sevni 
panels  of  T1  No.  8 vinyl-coated  cotton  duck  me-mbrane  were  jilaced  as  a 100-ft-square 
surfacing  directly  on  the  soil  subgrade  and  cx-posed  to  helicopter  traffic  for 
eight  months.  The  panels  were  joined  in  the  field  by  a series  of  adhesive  lap 
joints.  Results  of  the  tests  indicated  that  the  panels  provided  a dustproof  and 
waterproof  surface  for  the  soil  subgrade  while  subjected  to  helicopter  traffic. 

Both  sewn  and  adhesive  joints  held  satisfactorily  throughout  the  testing.  Locked- 
wheel  turns  and  braking  action  of  helicopter  wheels  scuffed  the  surfacing  but 
produced  no  failures.  The  membrane  was  adequate  for  preventing  dust  clouds  during 
operations  of  most  conventional  Army  helicopters . Kcmbranc  panels  were  placed 
at  a rate  of  1126  sq  ft  per  man-hour.  It  is  rccoimnended  that  tests  be  conducted 
on  membrane  svirfacing  that  is  stronger  them  the  Tl,  that  the  surfacing  be  pre joined 
at  the  factory  as  a co.-nplcte  unit  capable  of  being  transported  by  fixed-wing  and 
rotary- wing  aircraft,  and  that  some  medium  other  than  adhesive  be  used  for  joining 
the  panels. 


KEYWORDS:  Dust  control;  Helicopter  landing  pads;  Prefabricated  membranes; 

Waterproofing;  [Tl  membrane] 


DD  1473 


lar.sificd 

Security  Classification 


279 


[rr^niTnACT 


, 'I'atory  and  1,'ield  tocta  wore  conductod  on  sewn  panclG  of  Tl,  No.  8 cot-ton 
auclc, vinyl-coatcd  membrane,  fasteners,  and  adhesive  joints  to  determine  their 
j-.erforniance  and  su'itability  when  the  membrane  v/as  placed  directly  on  soil 
.■ubtjradoG  and  used  as  a waterproof  and  dvistproof  surface  on  pioneer-type  rveiways 
' r ojicrations  of  U.  S.  Antiy  fixed-wili^;  aircraft.  In  laboratory  tests,  t'r.e 
V.'  i,jht,  tensile  and  tearing;  strcnt;ths,  clon;;ation,  pormeabi]  ity,  woati.eriiii;  of 
i.i>-n;brane,  and  resistance  to  flame,  heat,  cold,  and  fuel  spillage  -were  determined, 
field  tests  consisted  of  exposinc  tlic  sewn  membrane  panels  coinicctcd  witii  botii 
fastioner  and  adhesive  joints  to  traffic  of  fixed-wind  aircraft.  The  tests 
indicated  tliat  the  membrane  will  provide  a dustproof  and  waterproof  runway 
r.urfaciivi  for  operations  of  the  0-1  Bird  Dop,,  U-6  Beaver,  and  U-IA  Otter  witli 
,;iiu>->r  maintenance.  Operations  of  the  OV-1  Mohawk  and  CV-f  Caribou  cause  fivquent 
damage  to  the  surfacing,  and  daily  maintenance  is  required.  Ai'i,cjr  approximately 
2-1/2  years  exposure  to  the  weather,  the  tensile  and  tear  strengths  of  the 
membrane  had  decreased  about  3^  and  63  percent,  respectively. 
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13  abstract 


Various  approaches  were  investigated  in  an  effort  to  use  the  results  of  the  AA5U0 
Road  Test  co.mpleted  in  I96I  to  validate  or  modify  present  Corps  of  Engineers  (CE) 
flexible  pavement  design  criteria.  Tlie  AASHO  Road  Test  results  are  not  directly 
applicable  for  use  in  improving  existing  CE  design  criteria  because  sufficient 
data  were  not  obtained  during  application  of  test  traffic  to  determine  material 
strength  conditions,  especially  at  failure.  The  present  serviceability  index 
method  of  evaluating  pavement  performance,  developed  by  the  AASHO  Road  Test  staff, 
appears  to  have  considerable  merit  in  quantitatively  assessing  pavement  condition. 
However,  the  specific  variables  for  which  objective  measurements  are  taken  for 
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design.  The  various  approaches  followed  in  attempting  to  relate  the  pattern  of 
behavior  represented  by  the  AASHO  Road  Test  results  to  the  pattern  inherent  in 
the  CE  design  procedures  arc  explained  and  comparisons  are  shown.  Mathematical 
patterns  seem  to  be  strongly  parallel,  but  the  specific  field  measurements  needed 
to  draw  a direct  comparison  are  lacking. 
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13  abstract 

Laboratory  tests  v/ere  performed  at  the  U.  S.  Anay  Engineer  Waterv/ays  Experiment 
Station  to  determine  the  feasibility  of  using  a lightweight,  electronically 
welded,  vinyl-nylon  ( TI5)  membrane  as  a surfacing  for  helipads.  Electronic  weld- 
ing together  of  strips  of  membrane  permitted  fabrication  of  the  entire  surfacing 
for  a helipad  in  one  piece  at  the  factory,  thus  greatly  reducing  construction 
time  over  that  required  to  Join  membrane  strips  with  adhesive  in  the  field. 
Engineer  field  tests  of  the  TI5  membrane  surfacing  were  conducted  at  Cairns  Army 
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tests  that  (a)  wheel-geared  helicopters  will  not  damage  the  sui'facing,  but  skid- 
geared  helicopters  will  puncture  and  cut  the  surfacing;  (b)  the  waterproofing 
and  dustproofing  qualities  of  the  surfacing  can  be  maintained  by  repairing  the 
membrane  with  patches  and  adhesives;  (c)  the  surfacing  can  bo  placed  rapidly  by 
inexperienced  personnel;  and  (d)  a membrane  surfacing  should  be  developed  that 
will  bo  satisfactory  under  operations  of  skid-geared  helicopters.  The  laboratory 
tests  showed  the  strength  and  weight  of  t!ie  T19  membrane  to  compare  favorably 
with  that  of  other  lightweight  membranes,  and  the  strength  of  the  clectronic- 
wolde'd  Joint  to  b'  adequate. 

KEYWORDS:  Fiber  reinforced  plastics;  Helicopter  landing  pads;  Mem- 

branes (Airfields);  Prefabricated  membranes ; [Cairns  Army 
Airfield,  Ft.  Rucker,  Ala.,  T13  membranes] 
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Oi'i’ice,  Chief  of  Engineers 

U.  S.  Army 

V. ’ashin~ton,  D.  C. 


A laboratory  investigation  of  the  effects  of  high  degrees  of  compactior.  cn 
the  drainage  characteristics  (i.e.,  permeability  and  effective  porosity)  of  coarse- 
grained base  course  materi  als  vas  made  to  pi'ovide  data  for  improving  subsurface 
drainage  design  crite’.'ia.  The  investigation  included  the  development  of  constant- 
head  permeability  test  procedur ,s  for  determining  the  coefficient  of  permeability 
of  coarse-grained  materials.  Ir.  developing  the  tost  procedures,  the  effects  of  the 
following  factors  on  permeability  test  results  were  investigated:  compaction  method, 

specimen  size,  compaction  water  content,  methcs  cf  saturating  specimen,  hydraulic 
gradient,  rearrangement  of  particles,  and  tempcratuie  of  the  permeating  water. 
Specimens  of  four  gradations  of  base  course  materials  were  tested  at  densities 
ranging  between  90  and  110  percent  of  their  respective  CE-55  maximum  dry  densitJes 
(modified  AA3K0).  The  results  of  the  investigation  indicated  that  the  permeability 
of  the  thi'ee  coarser  grained  materials  varied  with  density  and  hydraulic  gradient, 
except  at  the  higher  densities.  The  permeability  of  the  fourth  (finest)  material 
varied  with  density  hut  not  with  hydraulic  gradient.  Results  of  effective  porosity 
tests  indicated  that  the  effective  porosity  of  e material  decreases  with  Increase  in 
density  and  with  increase  in  percentage  of  fines.  T!ie  resv-lts  of  the  investigat ion 
indicated  that  when  the  material:  containing  5 percent  or  more  of  material  passing  the 
No.  200  sieve  a.re  cc.mnacted  to  high'  densities,  they  generally  will  not  meet  estab- 
lished drainage  criteria. 

KEYWORDS:  Base  courses;  Design  standards;  Subsurface  drainace 
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THAC  T 

An  invcotication  was  conducted  at  the  U.  S.  An;>y  Encinocr  V.'atcrways  fxncrii.'.cnt 
Station  (V/SS)  to  evaluate  a commercially  fabricated,  pl.astic  designated  as  the 
Tit.  The  mat  is  a sandwich-type  structure  fabricated  from  epoxy-imnreenatod , hif.h- 
d.-nsity,  foam-filled,  class-reinforced  core  material  and  class,  filar,ent-wour.d, 
class-fiber  facincs  inprecnated  with  polyester  resin.  The  panels  have  extruded 
alunintm  side  and  end  connectors  secured  to  the  panel  edecs  by  the  filament  ii-ir.dinc 
process.  Side  connections  between  panels  are  made  by  hincinc  tocethcr  r.alc  and 
female  connectors.  End  connections  arc  made  with  lockinc-type  cornectors  that  are 
secured  by  aluminum  lockinc  beams . The  investication  consisted  of  both  laboratory 
and  encineerinc  traffic  tests  to  determine  various  properties  of  the  mat  in  an 
overall  evaluation  for  comparison  with  previously  tested  rmts  and  with  project 
requirements.  The  results  of  the  laboratoiy  tests  indicated  that  the  mat  as  fabri- 
cated failed  to  meet  all  tcchi'.ical  dcsicn  requirements  of  the  tcclmical  specifica- 
tions. however,  since  the  mat  represented  a now  dcsicn  concept,  -t  was  traffic 
tested  to  complete  the  evaluation  of  the  dcsicn  and  fabrication.  Durinc  trai'fic 
tests,  the  TlU  imat  placed  on  a !(.2-CBU  suberado  sustained  a m.xximum  of  12  eoveraecs 
of  a 25,000-lb  sinclc-wheel  load  with  250-psi  tire  prossui-c,  thus  failinc  to  meet 
the  service-life  requirement  of  200  eoveraecs  on  a U-CER  suberade.  From  these  tests 
it  was  calculated  that  an  11.5-CBH  suberade  would  bo  required  to  support  the  mat  for 
200  eoveraecs.  In  view  of  the  more  severe  operational  requirements  for  present-day 
airfield  surfacinc,  it  was  concluded  that  a roevaluation  of  new  plastic  mat  desiens, 
fabrication  tcclmiqucs,  and  plastics  tcciaolocy  should  be  made  prior  to  procurement 
of  any  additional  plastic  landing  mats  for  testinc. 

KEYWORDS:  Laboratory  tests;  Plastic  landing  mats;  Traffic  tests; 
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la.  OPONSORING  MILITARY  ACTIVITY 

U.  S.  Army  Materiel  Command 
Was'nincton,  D . C . 


Field  tests  were  conducted  at  Indian  Mound  Landing  Strip,  Fort  C.'ur.pbell,  rCy. , 
as  a coordinated  effort  "oetween  the  U.  S.  Army  Engineer  Waterways  Kxperim.ont  Station 
and  Headquarters,  32oth  Engineer  Bn  (A3W  DIV)  to  evaluate  the  operational  suita'uil- 
ity  of  experimental  TIO  dust-alleviation- type  steel  landing  mat  as  an  expedient  sur- 
facing for  tactical  assault  airfields.  T’nese  tests  were  conducted  to  determine  the 
suitability  of  the  TIO  mat  when  subjected  to  traffic  of  U.  S.  Air  Force  and  An-"  air- 
craft during  inclement  weather  for  an  extended  period  of  time,  and  to  determine  the 
rate  at  v/hich  the  mat  could  be  placed  by  inexperienced  troops.  During  tests,  1577 
cycles  of  aircraft  operations  were  conducted  on  fne  TlO-surfaced  runway.  Field  test 
results  showed  that:  a.  TIO  mat  can  be  placed  by  inexperienced  troops  at  an  average 

placement  rate  of  200  sq  ft  per  man-hour.  b.  TIO  mat  is  effective  in  alloviatir.g  dust 
and  preventing  erosion  of  the  subgrade  caused  by  the  propeller  wash  of  U.  S.  Air  Force 
troop-cargo  and  U.  S.  Army  fixed-wing  aircraft,  c.  TIO  mat  does  not  cause  unusual 
wear  or  damage  to  aircraft  tires,  d.  Dxuing  incle.ment  weather,  mud  and  water  are 
pumped  through  joint  openings  in  the  mat  by  aircraft  and  vehicular  traffic,  c.  Vege- 
tation growing  thro\:gh  joint  openings  in  TIO  mat  does  not  reduce  braking  action;  how- 
ever, mud  pumped  onto  the  surface  of  the  mat  reduces  braking  action  considerably, 
f.  The  performance  of  TIO  .mat  is  considered  satisfactory  for  operations  of  the  Air 
Force  C-123  and  U.  S.  Army  fixed-wing  aircraft.  Based  on  Ibuitcd  operations  of  the 
Air  Force  C-130  on  TIO  .mat,  it  is  believed  that  the  mat  is  capable  of  supporting  oper- 
ations of  this  aircraft  without  excessive  mat  damage.  It  is  recoiiLmonded  that  (a)  land- 
ing mats  developed  in  the  fut-ure  incorporate  duatproofing  and  watei-proofing  capabil- 
ities; (b)  waterproofing  mediums  that  can  be  placed  over  soil  subgrades  prior  to  place- 
.ment  of  landing  mats  be  considered  as  interim  solutions  for  providing  all-weather  capa- 
bilities for  runways  surfaced  with  landing  mat;  and  (c)  a nonskid  coating  for  the  TIO  . 
mat  that  will  provide  adequate  braking  action  during  inclement  weather  be  developed.  | 

KEYWORDS:  Dust  control;  Steel  landing  mats;  Traffic  tests;  [Fort 

Campbell,  Ky. ; TIO  landing  mats] 
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12.  iPONJORfNC  MJLiTAnr  ACTIVITY 

U.  S.  Ar.my  Materiel  Command 
Washington,  D.  C. 


*■  This  report  deaorices  an  investigation  conducted  at  the  U.  3.  Arny  E.ngineer 

Waterways  Experiment  Station  for  the  purpose  of  evaluating  an  ex'peri mental  quantity  of 
com.mercially  fabricated  plastic  mat.  The  mat  is  a sandwich  structure  fabricated  from 
glass-fauric-rcinforccd  honeycci.ic  core  material  bo.nded  on  top  and  bottom  with  epoxy 
adhesive  to  polyester-rcsin-impregnated,  glass-fabric,  laminated  facings.  Giass-fabric- 
reinforced  tongue- ar.d-groove  side  and  end  connectors  are  fabricated  as  integral  parts 
of  the  panels.  Laboratory  and  engineering  traffic  te.sts  were  conducted  to  detcr.nine 
various  properties  of  the  mat  in  an  overail  evaluation  for  comparison  with  the  original 
T12  mat  and  with  the  project  requirements.  The  service-life  criteria  under  which  the 
mat  was  tested  required  200  coverages  of  a 25, 000- lb  single-wheel  load  with  a tire- 
ir.ri.ation  pressure  of  250  psi  when  placed  on  u subgrndc  with  a Ciilifornia  Hearing  Uitio 
(CP.H)  of  R . This  was  more  critical  than  the  original  criteria  under  which  tlic  T12  was 
tested,  which  specified  700  coverages  of  a 50, 000- lb  single-wheel  load  with  tiro- 
inflation  pressures  up  to  200  psi  when  placed  on  a 15-CBi}  subgrade.  It  was  concluded 
that  a future  plastic  landi.ng  mat  should  incorporate  improved  features  to  reduce 
weight,  provide  a stronger  means  of  connecting  individual  panels,  and  improve  the  core- 
to-facing  bond.  liowevor,  prior  to  the  procurement  of  any  additional  plastic  landing 
mats,  it  is  recommended  that  a reovaluation  of  now  plastic  fabrication  techniques  and 
plastics  technology  bo  made.  Engineering  tests  then  should  be  conducted  on  an  experi- 
mental quantity  of  an  improved  plastic  mat. 

KEYWORDS:  Laboratory  tests;  Plastic  landing  mats;  Traffic  tests;  [T12  landing 
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12.  SPONSOniNO  MILITANT  ACTIVITY 


Research  and  Developncnt  Directorate 

U.  S.  A*T*my  Materiel  COiimand 

V. 'ashinryton  D.  C. 


Tests  reported  herein  wore  conducted  to  detornine  skid  resistance  of  T17  .t.c.Vi- 
braiiL  serfacinj;  and  performance  of  nonskid  materials  applied  to  the  surfacing.  Tests 
■Aero  conducted  on  the  nonokid-troated  membrane  x,o  deter.rJ.ne  if  it  could  be  accordion- 
folded  without  removing  the  nonskid  compound.  Throe  compounds  tested  (Ferrox,  201  dul- 
ler, and  301  Fuller)  consisted  of  liquid  binders  and  abrasive  particles.  Three  other 
products  tested  (Safety  V/alk,  Scotch  Tred,  a.nd  Slip-X  Safety  Tread)  consisted  of  abrasive- 
treated  flexible  materials  with  pressure-sensitive  adhesive  backings.  These  materials 
•were  bonded  to  the  membrane  surfacing  by  placing  the  backings  in  contact  with  membra.ne 
and  applying  pressure.  After  the  materials  had  been  applied,  they  wore  tested  by  towing 
a locked-whcel  cart  across  the  treated  surfacing.  Laboratory  tests  were  conducted  on 
untreated  and  treated  membrane  to  determine  coefficients  of  friction  and  obtain  a corre- 
lation between  laboratory  and  load-cart  methods  of  determining  these  coefficients.  Tes*. 
results  indicated  the  following:  a.  Dry  luitroated  surfacing  produced  skid  resistance 

•idequatc  to  restrain  aircraft  during  maximum  engine  runups,  but  wet  untreated  surfacing 
did  not.  I5.  Ferrox  nonskid  compound  was  difficult  to  mix  thoroughly:  the  201  and  3^1 
Fuller  compounds  were  relatively  easy  to  mix.  c.  Large  amoxmts  of  Ferrox  compound  wei'i 
removed  from  the  surfacing  during  skid  tests,  bxit  small  amounts  of  iAillcr  compounds  wert 
removed.  The  backings  of  abrasive-treated  flexible  m.aterials  could  not  withstand 

locked-whcel  braking  action  of  aircraft.  £.  Puller  compounds  increased  skid  resistanci 
of  the  membrane  and  provided  adequate  braking  surfacing  for  aircraft,  f.  No  satisfac- 
tory correlation  was  obtained  between  the  load-cart  method  and  any  laboratory  c.cti'.od  of 
liot.'  rn.ining  r;kid  resistance,  The  :;ibra;*.e  surf.acing  can  be  treated  with  nonskid 

.:w.’;.po*ui.d,  accordion- folded,  and  placed  in  a wood  crate  without  romoving,  i.'.\cessiVL 
asiounts  of  nonskid  compotind.  _h-  Tire  wear  resulting  from  skid  tests  on  301  Fuller  and 
diluted  201  Fliller  Compounds  was  negligible. 


PCEYWORDS:  Braking  (Arresting  motion);  Membranes  (Airfields);  Nonskid 

compounds;  Skid  resistance;  Traffic  tests;  [T17  membranes] 
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jst?  vvre  pc’2*ro2*.Ted  ^.o  dctci':iiriO  oJit*  of'^oct  ci'  t!vc  ^ .ritii'y  cerp  •. *. lo. 
(angle  of  gyration,  vertical  pressure,  and  nr.-r.lcr  of  rev'lutic;.,t'  oii  c t npa c t i on  cf.ara.-- 
teristics  of  pit-run  clay  gravel.  Gyratory  rcirtu;'-j- ‘ :-i  . ity  rolat!c;.c  •■■■■re  detcrr.ir.-;  I 
by  raintaining  tvo  of  the  tliree  vari.able.:  cor.ctan:  -..hlJc  '.!'.e  ‘t'.ird  •.■.!.■  allo-.-e-d  to  v\:y 
through  a predote  rained  ran.te . This  procedure  vas  iccealod  for  ea.c!i  variable,  .ith-'r 
infonr.o-tiori  obtained  fi'on  the  tests  ir.eluded  sa~.ple  resound  after  -yration.  C'alifon.ia 
rearir:;.'  i-’atio.*:  indicating  co.uparative  .coil  stre.ngth.  .-'latic -pressure  v.'r.pactien . repro- 
ducitilitj'  of  p.yratory  corp-action  results,  and  ac.omt  of  a,^,gre.7,ate  de.  raaaticn.  ;'he 
clay  gravel  ■••as  al.so  compacted  by  t!io  impact  rethod  for  C'.Tipari.'cn  vtt!'.  t.he  .p.'r.atcry 
ccc.paet.ioi.  results.  he  .-.■•'..•atory  co-rtetcu-  nr-.i-joti  • :>i,  t'.;;'.--.'..'T.,- it;,  r.-'iati  r..'  .i:l- 
lai'  to  those  of  the  impact  rethed..  :iO’.;ever,  tcr.parijC..  of  tr.e  .p.'ral.t;  ;•  r.ci.t  r:c-. sit;, 
curves  vith  tiie  impact  curves  shov'ed  that  rreater  densit'e.’  at  lover  •..'•.ter  content 
could  be  produced  by  t.he  gyralor.  E;a,ain.ai,icn  of  the  gyratoi-y  data  ir.dicated  that 
increasing  vertical  pressure  produced  greater  incrcase.s  in  detvity  tiiar.  increasing 
cither  the  angle  of  g.vration  or  number  of  re.'cluti ons . '..'hen  tne  v?r',c'il  ;;res..'ur-?  •..as 
released  from  the  .cavple,  only  a s.vall  rel  evn.-j  occnr;"‘:i.  .est.'  'ir  •:  •.•■..  at-’  i-jicu... 
and  after  gyratory  ecr.pactior.  sho-ved  cnl;.'  a ninirum  o.  aji;ie.;ate  de -r-.«;at:cr. . data 

from  gyratory  compacted  samples  dor.C'r;Etrar..cd  e,  c.;ll.cnt  re prcv.iv : r i ’ i ^ v o:'  cerrastion 
characteristics . "epioducil>ility  of  C'-f  lest  i-esult'..  )'.0'. -ever . '..a.'  i:,ccnclu.-.tve 
becav..''o  of  the  a-g/regate  ei'fcct  on  piston  penetration.  Tho.e  data  ar..-  to  be  urea  later 
in  exploring  the  use  of  the  t^ratory  eet.'.p.actor  in  the  de.ai.;n  of  iavc:.e!.t  structures. 
KilYWORDS:  Gravels;  Gyratory  compaction  tests;  Gyratory  testing 
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Tests  vere  perfomed  to  determine  the  effect  of  the  three  gyratory  compactor  variables 
(angle  of  gyration,  vertical  pressure,  and  number  of  revolutions)  on  the  compaction 
characteristics  of  lean  clay.  Moisture-density  relations  were  determined  by  maintain- 
ing two  of  the  three  variables  constarit  while  the  third  was  allowed  to  vary  through  a 
predetermined  range.  This  procedure  was  repeated  for  each  of  the  three  variables. 
Other  information  obtained  during  the  test  program  included  California  Bearing  Ratios 
indicating  comparative  soil  strength  and  unconfined  compressive  strength  data.  The 
lean  clay  was  also  compacted  by  the  Impact  compaction  method  for  comparison  with  the 
gyratory  compaction  results.  The  gyratory  compactor  produced  moisture-density 
relations  si  lar  to  those  resulting  from  compaction  by  tfcbs  impact  method.  However, 
^en  the  moisture-density  curves  were  compared  wioh  the  impact  curves,  it 

was  apparent  that  greater  densities  at  a lower  water  content  could  be  produced  by  the 
gyrator.  An  examination  of  the  gyratory  data  indicated  that  increasing  vertical  pres- 
sure produced  greater  increases  in  density  than  increasing  either  of  the  other  two 
variables,  angle  of  gyration  or  number  of  revolutions.  Whisn  the  vertical  pressure  was 
released  from  the  sample,  only  a small  rebound  was  observed.  The  data  from  the 
gyratory-compacted  samples  demonstrated  excellent  reproducibility  of  compaction  char- 
acteristics, CBR,  and  unconfined  compressive  strength.  These  data  are  to  be  used  as 
a part  of  a later  analysis  exploring  the  use  of  the  gyratoary  compactor  in  the  design 
of  pavement  structures  for  present  and  future  traffic. 


KEYWORDS;  Clays;  Gyratory  compaction  tests;  Gyratory  testing  machines;  Impact 
corr.nacti  on 


FOKM  4 /I  *70  AtAkAca*  oo  aoam  «4»».  • ^ah  •«. 

^XJ  o»»oi.«T«  roA  aamv  was. 


wMiCM  la 


Unclassified 


CUaaUicaUaai 


309 


3.  Ncnonr  titli; 


GTKAVORY  CO!-C>ACTTO:;  Cl’  SOIL;  Kc))Ort  3,  CRU’.iliJD  I,T  mrsTC'.:-;  , IJAJ'A  K-U’CirT 


4.  Aij3HOm5}(f'lf»in»mo,tnniJle  In.tiAl,  name) 

William  R.  Fe.nwick 

e.  RCPOH1  OATC 

74.  1 0 1 AL  NO.  Of  Paces 

7b.  NO.  OF  RE  » S 

May  tS'69 

31 

8 

•«.  COH1HACT  bR  GRANT  NO. 

»«.  omciNAroR's  report  nui.^oem^i 

T'echnical  Report  Z-CB-C,  Kopert  3 

b.  PROJCC  T NO. 

C. 

9fc.  O 1 H E ni  fiCPOR  T NO(»l  /i'.riV  pr/ier  niuiibAre  tf\at  may  b*  a$ali*i-iad 

d. 

thli  rrport) 

AD  689 

10.  blSTRiOUTlON  STATEMENT 


Approved  for  public  release;  distribution  unlimited. 

II.  lUlif'L  CM  tN  T A R V ROTES  | | 2.  SPOl.SOfilRC  MILITARV  * r T i w i t v 

MiAA'.o,  u.  r.."7ir.eers , U.  S.  Ar:.';.' 

V.r,.=;r.in2ton,  D.  C. 

I'- ‘'Tes’.s  were  pei'Toi'ied  ‘^o  ciei-er.nine  clio  ei'i'ect  Oi'  the  f,yratory  c-^npactor's  t;  ree 
variables  (ang.le  of  r;yration,  vertical  pressure,  and  nutber  of  revolutions)  on  the  com- 
paction characteristics  of  crushed  limestone.  Gj-ratory  m.oisturc-ds.nsity  relations 
vere  dotcri, lined  by  r.aintair.inc;  tvo  of  the  three  variables  constant  •.-.•hile  the  th.ird 
was  alloved  to  vary  throur^!:  a predetermined  rar.ee.  This  procedure  v.’as  repeated  for 
each  of  the  three  variables.  Other-  infornaticn  obtained  durin.^  tlie  test  procra.”'.  in- 
cluded upper  roller  pressures  (an  indication  of  shear  strength),  sample  rebound 
after  gyration,  California  fearing  Ratios  indicating  comparative  soil  strength,  re- 
producibility of  g;/ratory  compaction  results,  a-.d  dorradation  of  ajgro.^ate  dur-ir.v, 
gyratory  compiaction.  T!ie  crusiied  limestone  vas  also  ccnpacted  by  the  impact  compac- 
tion method  for  comparison  vrith  tlic  g;.-ratory  compaction  results.  The  gyratory  com- 
pactor produced  moisture-density  relations  similar  to  those  resulting  from  compaction 
by  the  impact  compaction  method.  Kov.ever,  when  tl.e  gyratory  moisture-density  curves 
wore  compared  vfith  the  impact  compaction  curves,  it  wa.s  apparent  that  greater  densities 
at  a lover  water  content  could  be  produced  by  the  g;.Tator.  An  oiamination  of  tlic  gy- 
ratory data  indicated  th-at  increasing  vertical  prcssui-e  produced  greater  increases  in 
density  than  increasing  either  of  tlie  other  two  variables,  i.e.  angle  of  gyration  or 

r. a~bor  of  revolutions . V.'iien  l!;e  vertical  pressu-’-o  v.-as  reienscd  fro.m  f:.e  sa.-,plo,  only  a 

s. -rall  rcboui.d  vas  observed.  Tests  of  ti.e  ag.gregate  before  and  after  gyratory  compac- 
tion si.owed  that  a minimam  cf  aggroge.te  degradation  occurre-i.  These  data  are  to  bo 
used  as  a part  of  a later  analysis  explo.'ir.g  t:.e  use  of  tl.c  gyratory  co.c:pactor  in  ttie 
desir.a  of  pavement  structures  for  present  and  future  traffic. 
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The  investigation  reported  herein  is  one  phase  of  a research  program  being 
conducted  to  develop  ::.et:iods  of  deterrr.inir.r  thickness  requironents  for  landing -mat - 
surfaced,  membrane- suri’aced,  and  ur.surfacei  airfields.  This  phase  of  the  progra'i  per- 
tains to  developing  a method  for  determining  design  thickness  requirements  for  ui. sur- 
faced airfields.  Tests  vere  conducted  on  a total  of  43  unsurfaced  test  items.  These 
items  had  varying  thicknesses  and  were  trafficked  under  different  loading  conditions. 
CBR,  water  content,  density,  deflection,  and  deformation  data  wore  recorded  throughout 
testing.  Results  of  related  work,  previously  reported,  were  incorporated  in  deter- 
mining the  effect  of  type  of  soil  used  in  fulfilling  thickness  requirements.  From 
these  data,  a method  of  design  and  a mathematical  e.xpression  for  thick-uess  require- 
ments were  developed  for  use  in  unsurfaced  airfield  and  unsurfaced  road  design  and 
evaluation.  The  design  expression  relates  thickness  requirements  to  soil  response 
in  terms  of  applications  of  load,  load  magnitide  and  pressure,  and  strength  of  soil. 

An  attempt  was  made  to  relate  influence  of  tire  size  and  stiffness  to  soil  response, 
b'Ut  limited  data  prevented  identification  of  a conclusive  relation. 
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A review  of  two  previously  published  reports  concerning  the  evaluation  of  anchors  was  made  to  de- 
termine the  feasibility  of  using  any  of  the  anchors  tested  to  secure  membrane  surfacings.  Tests  re- 
ported herein  were  conducted  to  evaluate  and  compare  the  performances  of  various  anchois  driven 
into  a lean  clay  subgrade.  Holding  strengths  of  the  various  anchors  were  determined  in  four  types 
of  soil  subgrades.  Performances  of  the  anchors  were  compared  with  the  performance  of  the  guy 
anchor,  which  is  a standard  item.  The  literature  review  and  test  results  indicated  that  the  heads  of 
the  guy  anchors  were  either  broken  fiom  the  reinforcing  bars  or  bent  when  the  anchors  were  driven 
to  a depth  of  24  in.;  disk-type  anchors  were  easily  driven  into  the  soil  subgrade;  two-legged,  threaded 
guy.  and  threaded  disk-type  anchors  were  damaged  when  they  were  driven  into  the  clay  subgrade; 
arrowhead  anchors  had  the  greatest  holding  strengths;  guy  and  arrowhead  anchors  developed  adequate 
holding  strengths  in  sand,  silt,  and  fat  and  lean  clay  subgrades;  disk-type  and  two-legged  anchors  pro- 
duced adequate  holding  strengths  in  the  silt,  fat  clay,  and  lean  clay  subgrades;  anchors  developed  the 
greate.st  holding  strengths  when  extracted  at  a 60-deg  angle  with  the  surfaces  of  the  subgrades;  an- 
chors described  in  the  literature  review  were  not  feasible  for  use  in  securing  membrane  surfacing. 
Ba.sed  on  the  results  of  the  tests  reported  herein,  it  is  concluded  that  the  disk-type  anchors  are  sat- 
isfactory for  securing  membrane  surfacing. 


KEYWOIiDS:  Anchors  (Fasteners);  Clays;  Membranes 
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. AOSTRACT 

Laboratory  and  field  tests  vere  conducted  at  the  U.  S.  Army  Fngineer  V.’aterways  Fjq;eriment  Station  (V.TS)  to 
evaluate  experimental  membranes  and  materials  that  showed  promise  of  irmroving  the  pcrforr.ancc  of  mem- 
branes used  to  surface  assault-tyr^e  airfields  for  operations  of  C-I30  aircraft.  Eleven  menbrancs  were 
evaluated  during  this  investigation.  Because  so  much  data  are  available  at  WES  concerning  T37  r.e-lrar.c, 
it  was  used  as  the  base  material  for  comjmrison  purroses.  VTXlS  meirbrar.c  was  used  as  the  m.ir.irur.  standard 
nvaterial.  The  Xk-fl9  threug};  experimental  ir.cmbranps  were  necprenc-coatcd  nylon  fabric  mc’rr.branec.  T'.e 

pol3Trropylcnc  1 and  2 experimental  membranes  were  asphalt-coated  polypropylene  fabric  membranes.  !.‘one  of 
the  11  experimental  membranes  that  were  tested  perfonr.ed  as  well  as  the  WXl3  membrane.  I'iowevor,  the 
results  obtained  can  be  used  in  conjunction  with  other  membrane  studies.  Fourteen  adhesives  were  sub- 
mitted to  the  V.E3  for  evaluation.  The  adhesives  submitted  were  onc-rart  adliesives  corposed  of  a syr.thetic 
rubber  resin  dispersed  in  a solvent.  The  minimum  requirements  for  evaluating  the  adhesives  were  the  r.ini- 
nrujii  values  obtained  from  tests  conducted  '.vith  the  G930-2S  adhesive,  w^iich  has  teen  acce^^ted  prcvicusly  for 
use  with  the  T17  membrane.  Nine  of  the  adhesives  tested  proved  equal  to  or  better  than  the  G5oO-2t>  adhes- 
ive. These  nine  adhesives  were  the  0580-20,  ECl7il,  EC380,  1139»  FC2lUl,  mgi30,  U72,  701,  and  11L2. 

Twelve  commercial  nonshid  comp-oxinds  were  submitted  to  the  WES  for  evaluation.  These  nonskid  corTcur.ds 
were  evaluated  using  simulated  C-I30  operations.  I'hrec  of  the  compounds  passed  the  requirements  set  forth 
in  the  laboratoxy  and  field  tests.  These  three  nonskid  compounds  were  Fuller  201,  Reliance  S^O-UO-AH,  and 
Falp.er  H'USL2-M-1.  ?0'>u:  anchor  types,  i.e.,  the  guy,  disk-type,  two-logged,  and  arrowhead  anchor.s,  were 

evaluated  to  determine  which  would  be  the  most  suitable  for  use  with  metrbranc-surfaced  assault  airfields. 
The  durability  and  holding  strength  of  each  anchor  were  eval'aated.  The  disk-type  anchor  was  found  to  be 
the  most  durable,  and  it  developed  adequate  holding  strengths  in  silt,  lean  clay,  and  heavy  clay  and  pro- 
vided a limited  means  of  anch.oring  membrane  in  compacted  sand  subgrades.  Therefore,  the  disk-tyj-e  anchor 
was  considered  the  most  satisfactory  for  use  with  membrane-surfaced  assault  airfields. 

KEYWORDS:  Adhesives;  Anchors  (Fasteners);  Laboratory  tests; 

Membranes;  Nonskid  compounds;  Surfacing  materials;  Traffic 
tests;  [C-I30  aircraft] 
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a.  •PONtORINC  MILITARY  ACTIVITY 
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Flexible  and  rigid  pavements  were  constructed  and  tested  to  obtain  data  on  pavement  and 
soil  behavior  under  large  aircraft  loadings  for  use  in  developing  criteria  for  evalu- 
ating and  designing  airfield  pavements  subjected  to  multiple-wheel  heavj'  gear  loads 
(WMHGL).  The  test  sections  incorporated  instrumentation  systems  designed  to  determine 
the  response  of  the  pavement  structures  to  static,  dynamic  (slowly  moving),  and  vibra- 
tory loads  and  to  traffic  by  full  prototype  loadings  of  a 12-wheel  assembly  (one  main 
gear  of  a C-5A  aircraft),  a twin-tandem  assembly  (one  twin-tandem  component  of  the 
Boeing  7l*7  assembly),  and  a single  wheel.  The  data  from  the  instrumentation  program 
and  the  traffic  tests  were  used  in  the  analysis  of  the  flexible  and  rigid  pavement  test 
sections.  The  analysis  resulted  in  a modification  of  the  basic  flexible  pavement  CBH- 
design  method.  The  recommended  .method  reflects  a reduction  of  existing  Corps  of  Engi- 
neers (CE)  thickness  requirements  that  is  especially  significant  for  multiple-wheel 
assemblies  in  the  higher  operational  level.  Current  CE  evaluation  and  design  methods 
for  rigid  pavements  are  based  on  stress  in  the  concrete  pavement  as  calculated  from  the 
Westergaard  analysis;  extrapolations  to  the  existing  criteria  were  found  to  be  valid 
for  MWHGL  assemblies  insofar  as  pavement  thicknesses  were  concerned.  Rigid  pavement 
testing  indicated  that  current  Jointing  recommendations  allowing  keyed  construction 
Joints  may  be  unconservative  for  MWHGL  assemblies  trafficking  a pavement  overlying  a 
low-strength  subgrade. 

KEYWORDS:  Accelerated  traffic  tests;  Flexible  pavements;  Load  tests  (Pavements); 

Multiple  wheel  landing  gear;  Pavement  performance  and  evaluation;  Rigid 
pavements 
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Flexible  and  rigid  pavement  test  sections  were  conscructed  and  trafficked  to  obtain 
data  to  validate  present  criteria  or  develop  new  criteria  for  the  evaluation  and  design 
of  airfield  pavements  subjected  to  multiple-wheel  heavy  gear  loads.  Traffic  was 
applied  to  the  test  sections  with  different  test  carts:  a 12-whecl  assembly  that  rep- 

resented one  main  gear  of  a C-5A  aircraft,  a 6-wheel  bogle  of  the  12-wheol  assembly,  a 
twin-tandem  assembly  that  duplicated  one  twin-tandem  component  of  the  Boeing  7A7  assem- 
bly, and  a single  wheel.  This  volume  presents  details  of  the  design,  construction,  and 
behavior  of  the  flexible  and  rigid  pavements  under  traffic.  Certain  Information  from 
this  volume  was  used  in  the  development  of  design  and  evaluation  criteria,  which  will 
be  discussed  in  Volume  IV  of  this  report. 


KBDfWORDS:  Flexible  pavements;  Load  tests  (Pavements);  Multiple  wheel  landing  gear; 

Pavement  design;  Pavement  performance  and  evaluation;  *Rigid  pavements; 
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Flexible  and  rigid  pavement  test  sections  were  constructed  and  tested  to  gain  informa- 
tion on  pavement  and  soil  behavior  under  largo  aircraft  loadings.  These  test  sections 
incorporated  instrumentation  systems  designed  to  determine  the  response  of  the  pavement 
arructures  to  static,  dynamic  (slowly  moving),  and  vibratory  loads  and  to  traffic  by 
full  prototype  loadings.  The  components  of  the  instrumentation  systems,  their  installa- 
tion, and  the  test  programs  are  described  In  this  volume. 


KEYWORDS;  Flexible  pavements;  Load  tests  (Pavements);  Measuring  instruments;  Multiple 
wheel  landing  gear;  Rigid  pavements;  Stress-strain  relations 
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AFWL  (DEZ) 
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Flexible  and  rigid  pavement  test  sections  were  constructed  and  tested  to  gain  infoma-  | 
tion  on  pavement  and  soil  behavior  under  large  aircraft  loadings.  These  test  sections  i 
incorporated  instrumentation  systems  designed  to  determine  the  response  of  t.'.e  pavement 
structures  to  static,  dynamic  (slowly  moving),  and  vibratory  loads  and  to  traffic  by- 
full  prototype  loadings.  The  components  of  the  instrumentation  systems,  their  installa- 
tion, and  the  test  programs  are  described  in  Volume  IlIA.  This  volume  covers  data 
reduction,  analysis,  and  the  findings  of  Che  instrumentation  and  vibratory  testing  pro- 
grams; Appendixes  A and  B contain  details  of  instrumentation  measurements  for  flexible 
and  rigid  pavements,  respectively.  Analysis  of  the  ma:<imum:  response  data  from  t.-.c 
Instrumentation  program  resulted  in  the  follov-ing  findings  for  the  flexible  pavement 
test  section:  (a)  A load-  and  position-dependent  moving  zero  reference  level  was 

identified  for  each  deflection  gage;  (b)  Limiting  maximum  elastic  deflection  and  verti- 
cal clastic  stress  versus  depth  curves  were  established  fax  static  load  test  results. 
Analysis  showed  that  the  same  relationships  were  true  for  static  and  dynamic  load  tests 
as  well  as  for  the  speed  tests;  (c)  The  soft  layer  in  item  4 caused  different  stress 
and  deflection  distributions  from  those  in  item  3.  The  major  findings  for  the  rigid 
pavement  test  section  indicated  that  the  Westergaard  algorithm  can  be  used  for  reason- 
able prediction  of  pavement  response  to  single-wheel,  cwia-candcm,  and  12-whecl-assembl^ 
loadings . 

KEYWORDS:  Data  reduction;  Flexible  pavements;  Load  tests  (Pavements);  Multiple  wheel 

landing  gear;  Rigid  pavements;  Stress-strain  rela-tions;  Traffic  tests 
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Flexible  and  rigid  pavement  test  sections  were  constructed  and  tested  to  obtain  data 
to  validate  present  criteria,  to  establish  modifications  to  present  criteria,  or  to 
develop  new  criteria  for  the  evaluation  and  design  of  airfield  pavements  to  be  sub- 
jected to  multiple-wheel  heavy  gear  loads  (^^.CHGL) . The  basic  C3R  design  method  was 
expanded  and  modified  to  obtain  a method  of  design  for  flexible  pavements  subject  to 
traffic  by  MlIHGL.  The  recommended  method  reflects  a reduction  of  e.xisting  U.  S.  Army 
Corps  of  Engineers  (CE)  thickness  requirements  that  is  especially  significant  for 
multiple-wheel  assemblies  in  the  higher  operational  level.  Current  CE  evaluation  and 
design  methods  for  rigid  pavements  are  based  on  stress  in  the  concrete  pavement  as 
calculated  from  the  k'estergaard  analysis;  extrapolations  to  the  existing  criteria  were 
found  to  be  valid  for  MWliGL  assemblies  insofar  as  pavement  thicknesses  were  concerned. 
Results  of  traffic  testing  of  the  rigid  pavement  indicate  that  current  jointing  recem- 
mendations  allowing  keyed  construction  joints  may  bo  unconsorvative  wlien  tWUGL  assem- 
blies will  be  trafficking  a pavement  resting  on  a low-strength  subgrade. 


KEYWORDS:  Flexible  pavements;  Load  tests  (Pavements);  Measuring  instruments;  Multiple 

Wheel  landing  gear;  Rigid  pavements;  Stress-strain  relations 
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U.  S.  Army  Engineer  Topographic 
Laboratories,  Ft.  Belvoir,  Va. 

[ The  ability  of  a swept -frequency  radar  system  operating  under  field  conditions  to  de-  • 
tect  the  presence  and  measure  the  thickness  of  layered  substrata  and  to  determine  the 
electrical  properties  of  the  materials  in  these  substrata  was  studied.  Reflectivity 
on  sections  of  asphaltic  concrete  pavement  structures  (i.e.  asphalt  highway)  of  var- 
ious subsurface  layer  thicknesses  was  measured  by  a specially  designed  micrcwave 
system  operating  over  the  frequency  range  of  0.25  to  8.0  GHz  at  perpendicular  inci- 
dence. Test  results  indicated  that  swept-frequcncy  radar  measui'ements  can  be  used  to 
estimate  power  reflectance  from  the  surface  material  of  highway  structures  and  to 
determine  the  amplitude  of  the  subsurface  contribution.  Also,  interference  patterns, 
produced  in  the  power  reflectance  curves,  can  be  used  to  calculate  the  thickness  of 
each  layer  of  the  structure. 


KEYWORDS:  Flexible  pavements;  Layered  systems;  Microwaves;  Pavement 

thickness  measurement;  Radar  signals 
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action  of  C-13^  aircraft  in  tcachdcwn  areas  of  assault  runways  indicated  that  th^  I'edo.cigned  XlVlS  rr;<'.Tbrane 
r-os.sessed  the  strength  and  abj-asion  resistance  to  v;ithstand  reretitivc  stresses  of  the  magnitude  pr-^duced 
by  C-I3C  aircraft,  ■•o.^ever,  the  redesigned  XaIB  did  net  h.ave  the  durability  of  the  ’.■.'Xl8  r-embrane  in  that 
fe'wer  repetitl'.'e  sKiJs  were  lequired  to  produce  failure  of  the  surfacing.  S'icid  tests  were  also  conducted 
t'~  d**terrur.e  if  the  n^nskid  cor.i  “ur-i  nr.  applied  to  th'  surfacing  •./'•uld  produce  sufficient  skid  resistance 
fpr  all-'w-’ather  op-'ra’i-n.*?  cf  .--1“  aircraft  (i.c.,  ''cccrdir.g  t.a  tho  C’-tK,  possess  a .■''unway  Condition 
Reading  of  13-?5K  The  t»'sts  indicated  that  th*'  nenskid  pr.-d-aced  the  rdnimum  requir'-d  ccefflcier.*r  ^'f 
friction  tut  lacked  the  n-’ccssary  al'-'.ecion  ta  withstand  the  ''brarion  ^he  ♦^e.'^t  ■.•'•.-■*•'1,  ] ■t'l-' .-..'n  ’-ni 
traffic  tests  '..'ere  conducted  on  th*'  surfacing  to  d‘’t-"".:rp  • • f r*  o*  ..it!-  t'.  ..i*  . sj  ot  to  pock- 

wring,  placoner.t  rate,  suitali’ity  of  acc  ••.■‘.vlo*-  life.  't.  ; mai' tainabi  iity . 'T’-fo  test  area.a 

■wpr"  construetp-i  in  ^hich  th-  ran-  'Aa.'  p-'acoJ  -lir'jtly  cn  a prop'ared  soil  subrrado  and  subject  'd  to 
v-llln.*  traffic  of  'i  1,  r-st  results  inJicateJ  that  the  surfacing  met  the  Q?«!?  speci fications 

f r p.Lac»'m‘*nt  rat’  and  suitaUlity  of  access 'Ties  but  .iii  n-^t  r's.'-e.as  tb.'»  r'ouii"''d  servic-'  1if‘'  ''f  ;:ix 
months  of  l?OC  C-13C  s.^rtlp.'?.  !'urtnermore , the  redeslKnod  membrane  required  cvce»siv'«'  .maintenanco , 

Tmpro'/od  desirns  of  this  r.cmlrar.o  -will  b*-"  directed  trTvard  t!:e  elimlnatior.  cf  loflcioncies  indicatpd  a.a  a 
result  of  those  tests.  Tb.o  i:ap  r '•/''•aer.ts  will  be  ireerp  'rated  in  tlr*  final  design  of  tho  heas’y-dnty  r.em- 
brano  airfield  surfacln.*. 

KEYWORDS:  Dust  control;  Membranes  (Airfields);  Prefabricated  mem- 

branes; Traffic  tests;  Waterproofing;  [XWl8  membranes] 
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The  Vehicle/Road  Coapatihility  Analysis  and  Modification  System  (VRCAI’S)  brings  to- 
gethor  appropriate  disciplines  pertinent  to  vehicles,  nobility,  road  geometries,  struc- 
tures and  maintenance  to  determine  and  measure  the  compatibility  of  vehicle  and  its 
environment  and  the  resultant  product  of  movement.  The  system  also  creats  the  effects 
of  constructive  or  destructive  modification  of  vehicle  and/or  environment  ana  the  re- 
sultant impact  on  vehicle  movement.  The  first-generation  system,  in  computer  code, 
serves  to  successfully  combine  all  known  parameters  affecting  vehicle  movement,  thereby 
taking  total  advantage  of  the  state-of-the-art  in  related  disciplines.  Foreseeable  ar.d 
programmed  improvements  to  the  system  imply  significant  advances  in  the  state-of-the- 
arts  of  road  deterioration  analysis,  vehicle  reliability  analysis,  vehicle-road  optimi- 
zation, and  overall  allied  material  optimization.  The  VRCAMS  consists  of  several  sub- 
systems that  respectively  treat  mobility  and  ride  dynamics,  traffic  volu-me,  structural 
characteristics,  maintenance,  and  ve.hiclc  movement.  The  parameters  in  each  of  the  sub- 
systems are  brought  together  in  a comprehensive  manner  to  provide  output  data  pertinent 
to  vehicles  moving  on  roads.  Outputs  provided  by  the  VRCAMS  include  speed  of  given 
vehicles  on  specific  road  segments,  traffic  volumes  that  road  segments  can  sustain  at 
various  levels  of  service,  structural  life* of  a specific  road  segment  subjected  to 
known  quantities  of  traffic,  maintenance  requirements  to  extend  road  segment  life,  and 
delivery  rate  and  travel  time  for  vehicles  on  road  segments.  Refinements  and  additions 
to  the  current  model  will  provide  for  a greater  degree  of  accuracy  and  for  a broader 
range  of  applications  such  as  road  and  vehicle  design  optimization,  optimum  use  of 
roads  and  vehicles,  and  improved  logistical  and  tactical  planning. 
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t2  SPONSORlNC  military  activity 

U.  S«  Arry  ^tatericl  Cemand 
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.cr*  - wert*  cond-ctei  *r:e  ’ . . nTiry  Fnrir.eer  .-.aterva'/s  E>r.'er  ir.ent  Station  aTC)  to  determine  the  ruit- 

ullity  ot  r,ca*/y'- luty  'Ir'ielJ  .:*Arfacir.t  and  accecscrl*:.  as  expeiient  r.erlrar.e  surfacing  fer  water- 
proofing and  dustprocf in.:  nastily  prepared  airficldr  for  cj>eraticn£  of  '*-130  aircraft.  The  objectives 
of  tne  tests  w*'re:  a To  oa.pare  the  heavy-duty  r.or.bra.ne  with  the  'WXl8  r.er.brane,  whicn  was  con- 

sidered unsuitable  as  expedient  surfacing  for  C-13O  operations  as  a result  of  integrated  engineering  and 
rervice  tests  conducted  at  Fort  Car.ptell.  rier.tucky,  during  il  Xay-15  Noveri)er  I966,  and  with  the  TWl- 
r.rr.t  rane , which  snowed  sor.c  deficiencies  iviring  o'L'ir.cering  tests  at  Wlf  . (fc)  To  determine  through  labo- 
rntory  and  field  teits  whether  the  heavy-duty  r^mlra-.c  met  t.he  re^uirer-'its  of  the  Departr.Tent  of  the  Arrn:.' 
approved  ^tualltative  Materiel  Requirement  .IMF)  for  Prefabricated  Airfield  Surfacings.  I.aboratory  tests 
conducted  to  determine  the  physical  characterirt ics  of  the  heavy-duty  .T.en.brane  indicated  that  the  sur- 
facing was  equal  or  superior  In  strength  to  the  >TWl8  and  WXI8  merd^ranes . The  tests  also  indicated  that 
the  surfacing  rnt^t  the  requirements  with  respect  to  weight,  POI.  resistance,  and  high-  ?ind  Icw- 
temperature  resistance.  Skid  tests  conducted  to  simulate  locked-wheel  braking  action  of  C-130  aircraft 
in  touchdown  areas  of  assault  runways  Indicated  that  the  heavy-duty  membrane  possessed  the  durability  of 
the  WXI8  rcmtranc  in  that  a comparable  nunner  of  repetitive  skids  were  required  to  produce  failure  of 
the  curfacin.’3.  Skid  tests  were  also  conducted  on  the  nonsxid  com.{>ourid  applied  to  the  surfacing  to  de- 
termine if  the  compound  would  produce  sufficient  skid  resistance  for  all-v/eather  operations  of  C-130 
aircraft  (i.e.,  according  to  the  Q>IR,  possess  a Runway  Condition  Reading  'RCF^  of  13-T5'*  The  tests 
iri.Ucated  that  the  nonskid  compourid  produced  a skid  resistance  in  the  desired  range  of  BCR's  and  pro- 
vided adequate  resistance  to  the  abrasion  of  the  test  wheel.  Placement  and  traffic  tests  were  conducted 
on  the  surfacing  to  determine  if  it  mot  the  requlrcrients  of  the  QMR  with  respect  to  packaging,  ease  of 
placement,  suitability  of  accessories,  maintainability,  and  service  life.  The  surfacing  was  placed 
directly  on  a prepared  soil  subgrade  and  subjected  to  rolling  traffic  of  a C-130  wheel  with  a Load  equal 
to  the  equivalent  single-wheel  load  of  a C-130  aircraft.  Test  results  Indicated  that  the  surfacing  met 
the  v,.V!R  specifications  with  rerard  to  placement,  and  the  amount  of  maintenance  required  was  within 
acceptable  Limit;*..  There  test  results  indicated  that  the  heavy-duty  airfield  surfacing  is  suitable  for 
Army  use  as  an  expedient  surfacing  for  hastily  prepared  arsault  airfields. 


KEYWORDS:  Dust  control;  Expedient  surfacings;  Membranes  (Airfields); 

Traffic  tests;  Waterproofing;  [C-130  aircraft] 
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Final  report 


Rigid  and  flexible  pavement  test  sections  vere  constructed  to  evaluate  the  perfor- 
mance of  pavements  incorporating  a membrane-enveloped  soil  layer,  insulating  mate- 
rials, chemically  stabilized  soil  layers,  and  various  types  of  surfacing  includi.ng 
fibrous-reinforced  concrete,  plain  Portland  cement  concrete,  and  asphaltic  concrete. 
These  test  sections  vere  trafficked  with  200-  and  2U0-kip  twin-tandem  assemblies 
(Boeing  7**7  spacing)  and  a 50-kip  single-wheel  assembly.  The  design,  construction, 
and  behavior  under  traffic  of  the  pavements  are  reported  herein;  the  data  will  be 
used  in  further  studies  to  determine  the  response  of  the  pavement  to  both  static  and 
dynamic  loads  and  to  develop  design  and  construction  criteria.  These  studies  will 
be  reported  in  subsequent  volumes. 
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15.  SopplomoAtary  Notes 

15.  Absrred 

This  report  describes  design  and  construction  procedures  for  membrane- 
encapsulated  soil  layers  in  airport  pavement  systems  based  on  analyses  of 
results  of  recent  tests  of  full-scale  accelerated  traffic  test  sections. 
Included  are  descriptions  of  material  and  equipment  requirements  and  recom- 
mended test  methods.  The  procedures  are  applicable  to  both  rigid  and 
flexible  airport  pavement  systems.  Recent  material  developments  and  subse- 
quent testing  have  demonstrated  the  structural  integrity  of  MESL-type  con- 
struction. It  is  believed  that  substantial  savings  can  be  realized  using 
MESL's  in  airport  pavements  because  of  less  strict  material  quality  require- 
ments and  lower  maintenance  requirements  due  to  the  waterproofing  protection 
provided  by  the  t-ESL.  Volume  I of  this  report  describes  the  conduct  and 
results  of  tests  of  full-scale  accelerated  traffic  test  sections,  and  Vol- 

.lime  II  presents  an  analysis  of  the  results  and  design  and  construction  pro- 
cedures for  stabilized  layers. 
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formulated  using  performance  data  and  model  analyses.  A design  method  using 
materials  characterization,  structural  analysis,  and  failure  criteria  was  pre- 
sented to  facilitate  incorporation  of  a MESL  technique  into  the  design 
engineer ' s repertoire . 
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16.  Ab»tr*Cl 

This  report  describes  the  instrumentation  of  a prestressed  concrete  test  road  and 
the  data  obtained  from  a series  of  load  tests  conducted  on  tne  test  road  and  presents 
an  analysis  of  the  data.  The  test  road  was  constructed  near  Dulles  International 
Airport,  Washington,  D.  C.,  by  the  Federal  Highway  Administration.  Bison  strain 
sensors  and  U.  S.  Army  Engineer  Vlaterways  Experiment  Station  and  URS  press'  '■e  cells 
were  used  to  measure  the  strai.ns,  stresses,  and  deflections  in  the  prestressed 
pavement,  cement-treated  base,  and  subgrade.  Load  tests  were  conducted  using  a 
truck  to  represent  high  loads  and  a load  cart  with  a simulated  Boeing  7**7  air- 
craft gear  to  represent  aircraft  loads. 

Design  and  construction  procedures  for  prestressed  concrete  civil  airport  pavements 
are  presented  in  Volume  II  of  this  report. 
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14.  AktI.act 

This  volume  of  this  report  recommends  practices  and  procedures  for  design  and 
construction  of  prestressed  concrete  pavements  for  civil  airports.  Volume  I of  the 
report  describes  and  presents  an  analysis  of  the  instru-mentation  and  load  tests  of  a 
prestressert  concrete  test  road. 

For  the  design  procedure,  the  basic  load-stress  relationships  were  developed 
from  small-scale  model  tests  employing  static  loadings.  Stresses  computed  from 
Westergaord's  theory  for  elastic  behavior  were  adjusted  by  moment  correction  factors 
to  reflect  the  redistribution  of  moments  resulting  from  partial  hir.ges  that  develop 
under  the  load.  Effects  of  repetitive  moving  loads  wore  examined  both  in  small- 
scale  models  and  in  full-scale  prototype  test  pavements.  The  design  procedure  per- 
mits interrelating  magnitude  of  loading,  load  repetitions,  flexiirol  strength,  sub- 
grade conditions,  pavement  thiciu'.esses,  slab  dimensions,  and  imagnitude  of  prestress. 
Consideration  also  is  given  to  the  effects  of  elastic  shorCenir.g,  creep,  and  shrink- 
age of  concrete,  relaxation  in  steel  tendons,  anchorage  systems,  tendon  friction, 
subgrade  restraint,  and  temperature  changes. 

Construction  procedures  and  alternatives  are  examined  based  on  a study  of 
prototype  test  pavements  and  operational  prestressed  facilities  constructed  in  this 
country  and  abroad.  Reconmendations  ore  based  on  assessments  of  the  relative  merits 
of  prestressing  with  and  without  tendons,  pretensicning  versus  posttensioning,  types 
of  stressing  tendons  and  conduits,  bonded  versus  nonbonded  temions,  expansion  Joints 
and  Joint  seals,  and  subgrade  friction-reducing  layers. 
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)A.  Adaf'act 

An  economic  analysis  was  performed  to  relate  pavement  upgrading  cost  to  penalty 
cost  associated  with  adding  gears  and  wheels  to  aircraft  in  order  to  provide 
adequate  flotation  for  present-day  pavement  design  criteria.  A basic  assumption 
was  made  that  the  Wtdebodi/  Jett  and  a 15-raillion-X’o  aircraft  (Categories  I jp 
aircraft,  respectively)  would  use  the  projected  26  major  hub  airports  by  the 
year  I985.  Three  gear  types  wore  designed  for  Categories  I and  II  aircraft; 
current- flotation  compatible  with  present  pavement  criteria;  median-compromise 
design  considering  prese.nt  pavement  criteria  and  optimal  gear  for  aircraft 
structure;  and  ontimal-gear  optimized  for  aircraft  structure  with  no  regard  for 
pavement  flotation  requirements.  Costs  were  based  on  each  gear  type  for  both 
categories  of  aircraft.  Pavement  data  were  surveyed  for  all  projected  1985 
major  hub  airports.  Rigid  and  flexible  pavement  thicknesses  were  determined  for 
Categories  I aixi  II  aircraft;  thicknesses  were  cewLculated  both  for  new  construction 
and  for  overlay  of  selected  pavement  areas  where  the  aircraft  might  operate. 
Aircraft  costs  were  developed  as  associated  with  carrying  landing  gear  weight 
and  volume  in  excess  of  the  optimal  gear.  Pavement  upgrading  costs  were  deter- 
mined and  cost  comparisons  were  made.  Recommendations  and  devices  were  presented 
relative  to  policy  decisions  on  pavement  criteria. 
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This  report  describes  a study  conducted  to  develop  criteria  for  the  design  and 
construction  of  steel  fibrous  concrete  airport  pavements.  Controlled,  accelerated  j 
traffic  tests  and  field  tests  conducted  as  a part  of  this  study  and  similar  tests  j 
conducted  by  other  agencies  are  described  and  the  results  from  these  tests  compiled.  ■ 
The  results  from  all  tests  were  analyzed  and  used  in  the  formulation  of  criteria 
for  designlns  steel  fibrous  concrete  pavements  and  overlays.  Recoraraended  prac-  j 

tices  and  procedures  for  batching,  mixing,  end  placing  fibrous  concrete  were  I 

formulated.  Co.-iclusions  based  on  this  study  indicate  that  fibrous  concrete  pave-  I 
ments  will  perfoim  better  than  plain  concrete  pavements,  will  result  in  thinner  I 

pavements,  and  can  be  produced  and  placed  with  conventional  paving  equipment  and  j 
techniques. 
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conditions  rougher  than  those  during  testing  at  NAFEC)  of  dynamic  loading  could 
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havior is  possible  because  of  the  inelastic  behavior  being  of  low  magnitude  for 
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ness of  pavement  structures  could  be  allowed  in  the  interior  of  runways  except 
at  exits  where  aircraft  side  thrust  is  high. 


tAiclasslfled 


ARCUMITV  CWMliriCATIOM  or  THI»  OMm 

348 


1 


T*cKnicol  K«port  Docvm«ntof Ion  Fog* 


I I.  N* 

FAA-RD-73-205-1 


» A((  r N«. 


AD  A017  Sll 


3.  • C*'«l09  N«. 


4.  »>r{«  and 

KONDSaTRb'CTIVE  VIBR.-\TORY  TEf-TING  OF  AIRPORT  PAVE- 
^^^NTS;  VOLWE  I:  E:vrESi:-!i;:n'AL  IEST  iCOULTS  tVlD 

DEVELOPMENT  Of  EV.ALUATION  lETHODOLOGY  AND  PROCEDURE 


5.  R«p»<t  0«i< 

SoTitPitibor  1973 


6.  P*rfa«ntiAg  Otgoniio'tan  Cod* 


j 7 A««har'  *) 

j Jajtcs  li«  Green,  Jira  W.  _ Ifall 


9.  Pa<fa>ifi«A9  O*9ani(a*>on  Noma  ond  Add'**t 

U.  S.  Army  Er.sinesr  Waterways  Experiment  Station 

Soils  and  Pavements  Laboratory 

P.  0.  Box  631,  Vicksburg,  Miss.  39l80 


8.  P«r<o'i*«*A9  Orgondotion  Rapo't  No. 

Technical  Report  S-75-1^ 
Volu.’re  I 


10  Warh  Lin.i  No.  (TRAtS) 


) }.  *•  C'«nf  N». 

POT  FA71WAI-gl8 


12.  Sponoa'>A0  Afortcy  Nonio  and  Add'*>% 

Federal  Aviation  Administration 
Systems  Research  i Development  Service 
Washington,  D.  C.  20591 


la  •!  R.perl  gnrf  P.nog 

Final  report 


I4.  Spgn.orinp  Aggncy  C»A« 


15.  Swp9la*a«ntafy  No**o 


lA.  Abotfoc 

Conventional  direct  sa.mpling  methods  of  airporu  pavement  evaluation  interfere  with 
aircraft  operations;  therefore,  an  evaluation  procedure  ba:sed  on  nondestructive 
vibratory  testing  was  developed.  The  procedure  considers  mhe  parameters  of  pavement 
thickness  and  strength,  soil  strength,  landing  gear  charammeristics , and  load  repe- 
tition through  correlation  of  7AA  direct  sampling  procedvumes  with  the  nondestructive 
data  form  termed  the  dynamic  stiffness  modulus,  which  is  calculated  from  a vibratory 
load-deflection  graph.  The  results  indicated  the  need  for  standardized  vibratory 
testing  equipment,  a.-.d  specifications  for  a suggested  model  were  -written.  Evaluation! 
procedures  were  developed  for  rigid  and  flexible  pavements  which  consider  the  en- 
vlroruaental  factors  of  temperature  and  fros-c-thaw  acuion,  the  importance  of  test 
locations  and  quantities,  a.nd  stabilized  layers.  Appendix  A presents  results  of  two 
correlations:  (a)  elastic  deflection  and  pavement  performzance  and  (b)  dynamic 

E-modulus  and  C3R.  Appendix  B presents  the  nondestructive  testing  and  performance 
results  on  U.  S.  Army  Engineer  Waterways  Experiment  Statio/n  test  sections  and  the 
effects  of  bound  pavement  thickness  on  the  nondestructive  mest  results  in  an  attempt 
to  develop  overlay  design.  Appendix  C gives  procurement  ^ecifications  for  recom- 
mended nondestructive  test  equipment. 
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A theoretical  and  experimental  study  of  the  dynamic  load-deflection  curves  of  pave- 
ments was  conducted  to  determine  the  dependence  of  the  measured  dynamic  stiffness 
values  of  a pavement  on  the  type  of  vi'  rator  that  is  used  to  make  the  measurements, 
and  to  correlate  dynamic  stiffness  measurements  obtained  from  different  vibrators 
at  the  same  pavement  location.  Experimental  tests  were  conducted  to  verify  the 
theoretical  results.  The  dynamic  load-deflection  curves  of  pavements  are  found  to 
be  nonlinear,  and  a nonlinear  vibration  theory  of  pavements  is  developed  to  de- 
scribe these  curves.  This  study  gives  a method  of  determining  the  shear  modulus 
and  thickness  of  each  pavement  layer  directly  from  the  measured  values  of  dynamic 
stiffness  for  a series  of  vibrator  baseplate  sizes.  This  method  may  be  of  prac- 
tical value  for  nondestructively  determining  the  subsurface  structure  of  a pavement. 
Volume  I,  "Experimental  Test  Results  and  Development  of  Evaluation  Methodology  and 
Procedure,"  is  being  prepared  and  will  be  released  soon. 
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1 he  parameters  llial  affect  the  hori/onlal  stability  of  airfield  surfacing  mats  were  studied  by  eotulueling  a 
series  of  static  full-scale  buckling  tests  in  the  laboratory  using  varion.s  mats  and  lay  patterns.  AM2,  .\M  1 8.  and 
' ,\iVI  19  mats  wit  I). simulated  waterproofing  were  used  in  the  testing,  fhe  mat  test  sections  ranged  Irom  one  to  live 
panels  wide  with  widths  of  up  to  36  li.lt  was  found  that  the  most  predominant  factor  affecting  the  buckling  load 
was  the  initial  eceentricily  characteristic  of  the  mat  system.  Other  factors  were  panel  width,  m.it  unit  weight, 
and  formation  width.  T he  magnitude  of  locking  angle  had  no  clfect  on  the  buckling  load  hut  did  alleti  the 
prolilc  of  the  buckled  wave,  fhe  existence  of  resilient  filler  in  the  joints  of  the  waterproofing  mats  reduced  the 
locking  angle  but  did  not  increase  the  buckling  load, 
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20.  Alls  1 K.'\t'  I lC‘oiilimu.-il). 

,M-i  ICS  I'l'  hncklinj:  tests  ormoilcl  AM2  matsofviirioiis  wkllhs  wcrccoiuliictcil  iti  the  lahinatoiy;  the  mats 
were  obtameO  from  Utah  State  University.  I he  results  en.ihleil  the  e.vtrapol.ition  of  liill-seale  mat  tests  Irom 
short  vsiilths  m tl"-  laboratory  to  airfield  widths. 

.Attempts  were  made  to  develop  a m;i(hcm;ilical  model  to  compare  with  the  buckliny  behavior  of  the 
protott  pe  mats.  It  was  found  that  the  horizontal  lotid  ;it  which  huckling  would  he  initiiited  depends  iilmost 
exehisixelv  on  the  vertis'al  eeeentricitiesexistint;  in  the  mat  at  the  time  the  load  isapplied;  because  of  the  random 
n.ittire  ol  initial  irrcitularities  in  the  real  system,  the  initial  buckliiii;  load  is  an  iimeliahle  measure  of  the  load- 
eaiTMiii:  eap.ieily  of  the  system,  riierel'ore,  it  was  concluded  that  little  benefit  could  be  pained  from  more 
elaborate  mathematical  analyses  directed  toward  a more  c.xact  determination  of  initial  buckling  load  or  of 
sustained  postbuekling  resistance.  Analy.scs  were  thus  made  by  a simplified  articulated  system  composed  of 
straight  rigid  bars  and  movement-free  joints.  Only  qualitative  comparisons  between  the  idetili/ed  and  real 
systems  w ere  .-r.^de  becatisc  (a)  the  joints  of  the  real  mat  arc  not  movement-free  before  locking,  (b)  there  arc 
shifts  in  the  joints  caused  by  horizontal  load  transfer  through  the  joints  during  buckling. 

Methods  by  which  the  stability  can  be  increased  included  several  alternative  lay  patterns.  These  patterns, 
which  enhance  the  postbuekling  behavior  and  may  increase  the  initial  buckling  load,  are  suggested  and 
explained. 
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A method  for  evaluating  the  resilient  moduli  of  unbound  granular  materials  is 
presented  herein.  Tlie  moduli  were  back-calculated  from  correlations  of  per- 
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I.cchniiiuc  inoorporo.tod  witli  t’.ic  tried  nonlinear  atrcss-otrain  relations  of 
pavement  materials.  A general  discussion  on  the  noii!.inear  characteristics  of 
p:r/er.icnt  materials  and  limitations  of  the  finite -element  ecisiiutcr  procram  is 
presented.  Ti>c  parrijnctcrs  used  to  establish  the  correlations  included 
(a)  radial  tensile  strains  at  the  bottom  of  the  ABC,  (b ) maximum  radial  tensile 
strains  and  minimum  ratios  of  radial  tensile  stress  to  vertical  stress  in  the 
unbound  c^analar  layers,  and  (c)  vertical  strains  at  the  siibcrado  surface. 
Farnif.etcr  )■  was  develoised  only  for  sincle-whecl  loads.  Ttie  principle  of  super- 
position vras  used  in  the  carputations  for  multiple -wheel  load  assemblies.  In 
Appendix  A,  stresses  and  deflections  computed  by  the  nonlinear-finite  clcmein;  ' 
method  as  caspared  with  actual  mcas\ircmcnts  of  stress  and  deflection  for  a 
full-scale  flexible  test  pavement  are  Given.  Tlie  nonlinear  resilient  modidi 
used  in  the  computations  were  evaluated  from  traffic  test  data  presented  in 
this  report.  The  nonlinear  characteristics  of  pavement  materials  under  loads 
are  discussed . It  is  recommended  that  the  nonlinear  resilient  moduli  presented 
in  the  report  be  used  to  compute  pevement  responses  when  laboratory  repeated 
load  test  data  on  granular  materials  eire  not  available. 
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This  investigation  was  conducted  to  collect  pertinent  data  from  the 
field  that,  upon  analysis,  would  provide  for  initial  and  partial  development 
of  deterioration  relationships  on  roads  subjected  to  vehicle  traffic.  Tne 
field  tests  were  conducted  in  the  Stanislaus  National  Forest  near  Sonora, 
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tion relationships  could  not  be  developed  from  the  data  collected  but  that  a 
su'.s.tained  tost  procram  could  provide  for  the  deterioration  relationshijis 
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This  investigation  was  conducted  to  determine  the  effect  of  specimen 
stiffness  on  the  relationship  between  elastic  and  plastic  strain,  rutting 
potential,  and  resilient  modulus  and  Poisson's  ratio  of  heavy  clay.  Specimens 
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slon  chamber.  The  plastic  and  recoverable  strains  were  monitored  from  which 
the  rutting  potential  and  resilient  modulus  could  be  determined.  CBR  and 
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20.  ABSTRACT  (Continued). 

unconfined  compression  strenfjth  (UCS)  tests  were  conducted  for  supplemental 
information. 

Tfie  plastic  axial  strains  were  found  to  increase  with  number  and  magni- 
tude of  axial  stress  repetitions  and  to  be  dependent  upon  specimen  stiffness. 

The  resilient  modulus  v?as  found  to  decrease  initially  with  stress 
repetitions,  followed  in  some  cases  by  a jp-adual  increase  with  additional 
repetitions.  It  was  also  dependent  upon  specimen  stiffness,  deviator  stress 
ria.  mi  tilde , and  confinint;  pressure.  Hie  magnitude  of  conditioning  stress  up 
to  70  percent  of  the  static  UC.S  was  found  to  have  little  effect  on  value 

The  relationship  between  elastic  and  plastic  strain  is  dependent  upen 
specimen  stiffness. 

Poisson's  ratio  was  found  to  be  insensitive  to  number  and  magnitude  of 
repetitive  stress  applications,  confining  pressure,  and  specimen  stiffness. 
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Engineering  Properties,  Section  V;  Mixing,  Section  VI;  and  Permeability,  Section  Vil. 
Also  presented  are  abstracts  of  student  thesis  research  conducted  under  non-Arcy 
sponsorship.  The  most  immediately  valuable  contribution  of  the  year's  work  was  the 
development  of  a stabilizer,  methylene-bis-acrylamide/acrylic  acid/acrylamide,  which 
appears  considerably  better  than  calcium  acrylate. 
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The  object  of  this  study  vas  to  stabilize  soil  by  polymerizing  in  the  soil  veil  dis- 
persed water-insoluble  vinyl  monomers,  to  obtain  products  without  the  inherent  unnesir- 
able  water  sensitivity  of  acrylic  salt-stabilized  soils.  Work  was  also  done  to  explore 
further  the  previously  found  soil  stabilizing  ability  of  epoxy  resins,  and  to  find 
formulations  which  would  permit  satisfactory  strength  development  under  wet  conditions. 
The  possibility  of  improving  the  utility  of  asphalt  as  a stabilizer  for  fine-grained 
soils  by  the  use  of  trace  quantities  of  chemical  additives  known  to  react  with  asphalt, 
or  with  soil-mineral  surfaces  was  explored.  Two  investigations  were  made  to  see  if 
the  engineering  properties  of  soils  stabilized  with  cenernt  could  be  improved  by  the 
addition  of  various  chemicals  in  trace  amounts  (1?  of  the  dry  soil  weight).  These  two 
investigations  dealt  respectively  with  the  chemical  treatment  of  (a)  cement-codified 
soil,  and  (b)  soil-cement.  Chemical  alteration  of  soil  properties,  effect  of  chemicals 
on  mixing  of  kaolinite-water  pastes,  accelerated  curing  of  asphalt-stabilized  soil 
samples,  and  studies  supported  by  non-army  funds,  are  reported. 
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Studies  on  stabilization  of  soils  (Massachusetts  Clayey  Silt  and  Vicksburg  Buckshot 
Clay)  with  phosphoric  acid  and  secondary  additives  have  been  continued.  Studies  of  the 
effect  of  various  sodium  compounds  on  the  properties  of  cement-stabilized  fine-grained 
soils  of  widely  different  composition  have  been  completed.  Success  has  been  realized 
in  preparing  stable  asphalt  emulsions  containing  various  cationic,  anionic,  nonicr.ic, 
and  amphoteric  surface  active  agents,  and  certain  combinations  thereof,  for  use  as 
soil  stabilizers.  Studies  of  cone-penetration,  and  water-uptake  and  swelling  of 
Vicksburg  Buckshot  Clay,  both  untreated  and  treated  with  trace-quantities  (0.3/*)  of 
Rosin  Amine  D Acetate,  have  thrown  considerable  light  on  the  bonding  forces  within 
clay  soils,  and  the  role  of  water  in  influencing  soil  cohesion. 
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This  report,  as  the  first  step  in  a comprehensive  study  of  responses  and  behavior  cf 
Three  Layer  Pavement  Systems,  involved  the  numerical  evaluation  of  the  basic  stress 
and  displacement  equations  of  the  Burmister  Three  Layer  System  Problem  for  the 
stresses  and  displacements,  which  a^e  presented  in  a series  of  influence  diagra.ms. 

The  values  of  the  elastic  constants  and  of  the  basic  parameters  of  the  three-layer 
system  were  selected  after  careful  study  to  fall  within  the  bracketing  limits  of  tne 
probable  actual  conditions  encountered  in  present  practice  of  airfield  flexible  pave- 
ment construction. 
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The  primary  purpose  of  this  investigation  was  to  determine  if  non-destructive  test 
methods  would  provide  data  indicative  of  the  strength  of  various  pavements.  Another 
aim  of  the  investigation  was  to  determine,  if  possible,  the  effect  of  overload 
military  traffic.  The  investigation  consisted  of  forty-one  (ill)  field  dynunic  tests 
conducted  with  equipment  designed  by  the  Waterways  Experiment  Station,  patterned 
after  that  reported  by  Jones.  The  dynamic  tests  were  performed  by  personnel  of  the 
Waterways  Experiment  Station,  Vicksburg,  Mississippi.  The  test  data  reported  herein 
were  furnished  to  Eustis  Engineering  Company,  whose  personnel  analyzed  the  test 
results  and  prepared  this  report. 


KEYWORDS:  AASHO  road  test;  Dynamic  loads;  Dynamic  tests;  Nondestructive  tests; 

Pavements 


tCfJt  4 ^ RrfRLACA*  OCl  l«f«.  t JA 


Unclassified 

S«CMniy  ClaaAificAUon 


383 


Uari.viJLU.v,u 

I’J.C  »»•!  .H  O 


Dccui^em  ccktrol  data  • r i d 

^S«ci>'ily  tt0*tltl<»i>nn  t>t  »!(»•.  Kotiy  vl  ••>»rr<ic»  mnj  tn-Irun^  <»nn<.f*H{»n  u»*  bt  «r<lr/i>d  vbrm  ih»  f*p 


. OHICIMA  liNft  AC  TIVI  T V {Lotpot*!*  sulhor) 

Eustis  Engineering  Company  ] Unclassified 

Metairie,  Louisiana 


AtlALYSIS  OK  DATA;  NOH-DESTRUCTIVE  DYDAJ'IIC  SOIL  TESTS,  FOSS  FIELD,  SIOUX  FALLS, 
SOUTH  DAKOTA 


4.  OCtCAlPTiVC  HOTC3  (Typ»  •{  t»p9r»  If*clu»iw0  Smfa) 


ft.  AUTMORtS)  Ifti  Initial.  itmm*) 


>•.  TOTAU  NO.  or  PA6CS  I 


January  1961* 


WES  Contract  Ho.  U-85;  AD  757  <17 


6.  OISTRieUTtON  STATCM£nT 


Approved  for  public  release;  distribution  unlimited. 


Prepared  under  contract  for  the  U.  S.  Armi 
Engineer  Waterways  Experiment  Station, 
Vicksburg,  Miss. 


The  primary  purpose  of  the  dynamic  investigation  was  to  determine  if  non-destructive 
test  methods  would  provide  data  indicative  of  the  strength  of  pavements  and/or  soils. 
Another  purpose  of  the  study  was  to  determine,  if  possible,  a correlation  between 
the  results  of  dynamic  and  conventional  tests.  The  investigation  consisted  of 
twelve  (12)  field  dynamic  tests  conducted  with  equipment  designed  by  the  Waterways 
Experiment  Station  patterned  after  that  reported  by  Jones.  The  dynamic  tests  were 
performed  by  personnel  of  the  Waterways  Experiment  Station,  Vicksburg,  Mississippi. 
The  test  data  reported  herein  were  furnished  to  Eustis  Engineering  Company,  whose 
personnel  analyzed  the  test  results  and  prepared  this  report. 
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The  purpose  of  this  investigation  has  been  to  measure  the  linear  and  volumetric 
thermal  expansion  of  laboratory  specimens  of  various  bituminous  mixes  over  a trc 
range  of  temperatures.  The  temperature  ranges  investigated  are  those  represents 
of  surctic,  subarctic,  and  temperate  geographical  areas.  The  primary  purpose  of 
study  has  been  to  investigate  .several  methods  of  measuring  the  thermal  expansion 
Then  by  a compsLrison  of  the  methods,  by  means  of  results,  ease  of  technique,  teg 
of  accuracy,  and  cost,  the  most  desirable  method  was  selected  for  use  in  furtiten 
studies.  Investigation  of  volumetric  as  well  as  linear  expansion  was  conductec. 
order  to  afford  some  means  of  comparison  of  the  various  test  methods,  mixes  were 
varied  by  changing  asphalt  content,  grade  of  asphalt,  means  of  compaction,  and  t 
of  aggregate.  The  effects  of  these  variables  on  the  expansive  characteristics  c 
the  resulting  mixes  was  also  investigated. 
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A concept  was  developed  for  a portable  vertical  take-off  and  landing 
blast  diverting  platform  which  would  direct  the  exhaust  blast  away 
from  the  aircraft  and  into  the  air  to  prevent  terrain  errosion,  hot 
gas  reingestion,  ground  effects,  and  signature.  The  platform  would 
be  assembled  on  site  from  modular  sections,  each  section  containing 
deflector  vanes  and  topped  by  a load  bearing  grid.  The  feasibility 
of  this  concept  has  been  demonstrated  by  scale  model  testing  in  the 
Gas  Dynamics  Laboratory  at  Republic  Aviation  Corporation.  Tne  re- 
sults indicate  that  such  a platform  is  efficient  in  conducting 
engine  exhaust  blast  and  accompanying  entrained  air  away  from  the 
aircraft.  Significant  reduction  in  thrust  loss  and  lower  surface 
temperature  on  the  aircraft  model  were  observed. 
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IS  ABSTRACT  mcthods  of  pavemeHt  design  using  stabilized  soils  as  components 

of  the  pavement  structure  generally  base  selection  of  both  quality  and  thickness 
of  those  materials  on  static  tests  such  as  the  CBR  procedure.  To  validate  such 
procedures,  the  objectives  of  these  studies  are  to  evaluate  the  behavior  of 
stabilized  soils  under  dynamic  loading  conditions  and  develop  improved  criteria 
for  quality  design  and  thickness  selection  within  a more  rational  framework. 

More  specifically  the  study  is  concerned  with  examination  of  soil  stabilization 
requirements  established  by  the  Corps  of  Engineers  for  military  roads  and  air- 
fields in  the  theater  of  operations  within  this  framework.  Two  soils,  Vicksburg 
Silty  Clay  and  Vicksburg  Buckshot  Clay,  were  selected  for  study  because  of  the 
considerable  performance  data  on  these  soils  and  hecatise,  through  suitable 
treatment,  they  fall  within  the  range  of  stabilization  requirements  of  the  Corps. 
To  date,  most  of  the  dynamic  testing  has  been  performed  on  the  treated  silty 
clay.  In  general  the  results  obtained  thus  far  indicate  that  cement-treated 
soli  designed  to  meet  Corps'  criteria  for  CBR  and  compressive  strength  can 
withstand  repeated  compressive  and  flexural  stresses  of  the  meignitude  and 
number  prescribed  for  different  classes  of  military  operations.  However,  more 
detailed  investigation  of  the  Influence  of  water  content,  mixing  procedures, 
and  method  of  compaction  are  required  since  the  data  obtained  show  that  these 
variables  significantly  affect  the  strength  and  resilience  characteristics 
of  the  cement-treated  silty  clay. 
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This  report  presents  the  results  of  investigatiens  of  the  following 
aspects  of  the  behavior  of  stabilized  soils  under  the'  action  of  repeated  loading; 

(^ ) behavior  of  cement-treated  buckshot  clay  im.ler  repeated  compressive  stresses; 

(?)  behavior  of  lime-magnesium  sulfate  treated  buckshot  clay  under  repeated  con- 
p-essive  and  flexural  stresses;  (3)  effect  of  confining  pressure  on  the  resilience 
p eperties  of  cement-treated  silty  clay.  Significant  findings  include:  (l)  although 

s-.rength  as  measured  by  the  CBR  test  for  different  soils  treated  with  various  types 
o’  stabilizers  may  be  the  same,  the  behavior  under  repeated  loading  may  be  distinctly 
different;  (1)  t'lere  appears  to  be  a "critical  curing  time"  below  which  beneficial 
e.'fects  are  obtained  by  repeated  loading.  Beyond  this  curing  time  the  resilient 
:■  cpi'r^ier.  -’je  relatively  independent  of  load  repetitions  but  depend  on  curing  time 
c iring  the  repeated  loading  period;  (3)  in  general  the  resilient  modulus  in  flexure 
■ cceeds  tt.at  in  tension,  and  strengths  in  flexure  and  compression  are  different; 

1 t)  a relationship  has  been  developed  between  resilient  modulus  and  the  first  stress 
.rvarlant,  major  principal  stress,  and  curing  time.  This  type  of  relationship 
snould  be  useful  in  the  analysis  of  stresses  and  deformations  in  pavements  containing 
■bablllroj  layers. 


KEYWORDS:  Cement  soil  stabilization;  Clays;  Flexural  strength;  Lime 

soil  stabilization;  Load  tests  (Pavements);  Soil 
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s.  APSTRACT  applicability  of  available  theories  for  predicting  the  induced  stress 
and  deflection  response  of  cenent-sta-bilized  soil  pave.ments  to  load  was  investigated. 
The  study  was  divided  into  three  phases:  field  repeated  plate  load  testing  on  two 

test  pavements;  laboratory  study  of  representative  specimens,  including  laboratory- 
compacted  and  undisturbed  specimens  taken  from  the  field;  and  prediction  of  stresses 
and  deflections  in  test  pavements  using  available  theories  in  conjunction  with  the 
appropriate  measured  values  of  .material  properties.  Two  20-  by  20-ft,  8-in. -thick 
test  pavements  were  constructed  using  a cement-stabilized  silty  soil  over  the  natural 
clay  subgrade.  Pavement  1 contained  3%  cement,  and  Pavement  2 contained  cement  by 
dry  weight  of  soil.  Repeated  plate  load  tests  were  conducted  using  a range  of  plate 
sizes  and  pressures.  Measurements  included:  surface  deflection,  subgrade  deflection, 

tensile  radial  strain  at  the  bottom  of  the  cement-stabilized  soil  layer,  and  vertical 
compressive  stress  at  the  surface  of  the  subgrade.  Both  repeated-lead  triaxial  com- 
pression tests  and  repeated  flexural  tests  were  conducted  in  the  laboratory.  The 
vau"iables  studied  included  applied  repeated  deviator  stress,  confining  pressure,  cur- 
ing time,  and  compaction  delay.  Field  behavior  was  analyzed  using  both  n-layer 
elastic  theory  and  the  finite  element  method.  Solutions  by  both  methods  were  obtained 
using  a CDC  6U00  digital  computer.  The  good  agreement  obtained  between  measured  and 
predicted  stresses  and  deformations  suggests  that  stresses  and  deflections  in  cement- 
stabilized  soil  pavements  can  be  predicted  successfully  using  elastic  layer  theory  and 
finite  element  analysis  together  with  material  properties  determined  from  laboratory 
repeat-load  tests  on  undisturbed  spocLmcns  taken  from  test  pavements.  Such  results 
Indicate  that  it  may  be  possible  to  dev^lon  a rrocedurc  for  pavement  thickness  design 
that  limits  critical  s'tr'’.cS'’S  an.'i  r_tr''inf_w'-i‘'Jn  a •■-:V.-.m.-?nt.  to  .-■''contiMe  values..- . 

KEYWORDS:  Cement  soli  stabilization;  Load  tests  (Pavements);  Pavement 

deflection;  Pavements;  Plate  bearing  tests;  Soil  Stabiliza- 
tion; Stresses 
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Properties  of  coaent-stabillzed  soils  were  interrelated,  and  the  performance  of  field  sec- 
tions previously  tested  (19^?-196L)  at  the  Waterways  Experiment  Station  (WES),  Vicksburg,  .'•U.sslasippi, 

VOS  evaluated  for  the  purposes  of  determining  the  validity  of  existing  theory  for  prediction  of  pavement 
he^nviur  and  developing  criteria  emd  procedure  for  designing  pavements  containing  soil  layers  stabilized 
With  small  amounts  of  cement.  Field  test  sections  of  three  different  thicknesses  were  constructed  of 
;KdLurg  silty  cla>-  stHPilized  with  3%,  6^,  and  10^  cement  contents  on  a heavy  clay  subgrade  prepared  to 
fhH  values  of  L and  10,  and  tested  under  10,000,  25,000,  and  50,000-pcund  single-wheel  loads.  / failure 
crlterl"n  was  defined  accorilng  to  rut  depth,  and  the  equivalency  of  different  wheel  loads  (in  terms  of 
damfge  caused  to  the  pavement.)  vas  determined.  The  results  of  the  performance  analysis  showed  that  there 
w-is  n linear  relationship  between  pavement  thickness  and  log  of  number  of  coverages  at  failure.  For  a 
given  numh--*r  of  coverages  of  a given  wheel  load,  the  required  pavement  thickness  decreased  signlflcantli'' 
w'.th  in  Tease  of  cement  content  up  to  about  6^  cement,  but  only  a slight  decrease  In  required  thickness  was 
.ounU  for  higher  cement  contents.  The  unconfirmed  conpresalve  strength,  an  easily  determined  quantity,  was 
f«ainrt  to  be  a suitable  correlating  paxajneter  for  other  cement-atablllzcd  soil  properties,  c.g,,  cohesion, 
l>lctlon  angle,  flexural  strength  and  the  CBR  value.  The  resilient  moduli  of  cement-stabilized  soils  could 
he  exprojned  as  functions  of  unconflned  ccmpresslve  strength,  confining  prcssxire,  and  repeated  devlatnr 
stress.  Mence,  the  unconflned  conpresalve  atr.ength  could  be  used  as  a design  parai.«eter  readily  adaptable 
for  fl"M  application,  effects  of  curing  time  and  coapactlon  delay  on  unconflned  conpresslve  str*'nwth 

anu  differences  Iti  strength  between  undisturbed  field  samples  and  laboratory  samples  were  studied.  Design 
curves  for  cement-stabilized  layers  were  developed  based  on  the  results  of  the  performance  anolyels  of  the 
WES  t' at  sections. 


KEYWORDS:  Cement  soil  stabilization;  Load  tests  (Pavements);  Pavement 
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Results  of  previous  investigations  c mpleted  in  this  research  are  briefly  sum- 
marized. This  summary  as  well  as  the  results  of  other  investigations  completed 
during  the  period  of  this  investigation,  also  summarized  where  appropriate, 
form  the  basis  for  the  design  nrocedure  recommended  herein.  The  design  pro- 
cedure is  applicable  to  a two  layer  system  - a cement  stabilized  layer  resting 
on  a subgradc . Stresses  and  deformations  are  estimated  using  layered  elastic 
theory.  Essentially  the  procedure  consists  of  two  phases,  the  first  being 

(Continued) 

OD  1473  COITION  Of  > NOV  «5,s  obsolete  Unclassified 


SECURI'^V  CLASSIFICATION  OF  TmiS  PAGE  Dotm 


Unclar.sif'ied 

security  CLASSiPiCATtON  QF  ThiS  PAGEfHTien  Dmtm  F.ntefd) 

20.  ABSTRACT  (continued) 

the  selection  of  a thickness  adequate  to  prevent  fatip;ue  in  the  cement- 
stabilized  layer  and  the  second  a check  to  insure  that  the  combinaticn  of  load 
and  thermal  stresses  v;ill  not  crack  the  stabilized  layer.  The  procedure  also 
recognizes  the  fact  that  cement  stabilized  bases  will  crack  due  to  shrinkage 
stresses  shortly  after  construction.  Tliis  is  accomplished  by  increasing  the 
stresses  and  strains  in  the  vicinity  of  the  cracks  by  5>0  percent  over  those 
computed  for  the  uncracked  situation.  A series  of  design  charts  are  presented 
which  permit  the  selection  of  the  thickness  of  the  cement  stabilized  layer  for 
a range  in  base  stiffnesses  of  100,000  to  3j000,000  psi,  a range  in  subgrade 
stiffnesses  of  I5OO  to  20,000  psi  and  for  the  following  loading  conditions : 
highway  type  vehicles  - 13,000  lb  single  v.’heel  load,  15,000  lb  single  axle 
load  (dual  tires),  and  l8,000  lb  single  axle  load  (dual  tires);  aircraft  - 
AC-1:  10,000  lb  single  wheel  load,  C-I3O:  h0,000  lb  load  (single  tandem), 
C-l^il : lkk,700  lb  load  (twin  tandem),  aiid  Boeing  7^7:  162,000  ab  load  (twin 
tandem) . Base  and  subgrade  stiffnesses  either  can  be  determined  from  labora- 
tory tests  or  estimated  by  several  approximate  procedures  briefly  outlined  in 
the  report.  Comparisons  of  thicknesses  selected  by  this  procedure  for  highway 
type  loading  conditions  with  those  by  existing  procedures  indicate  that  the 
suggested  procedure  produces  comparable  thicknesses.  Generally,  the  thick- 
nesses are  at  a level  to  minimize  initial  cracking  in  the  pavement  and  may, 
therefore,  be  conservative  for  few  repetitions  of  hea\y  loads. 
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* The  p.-esent  investigation  had  two  objectives.  One  was  the  development  of  an 
effective  multipurpose  dust  palliative  suitable  for  immediate  use  at  advanced  military 
bases.  The  other  had  the  long-range  aim  of  exploring  several  agents  and  techniques 
for  treating  soils  at  various  military  installations  for  dust  abatement  and  increased 
trafficability.  One  of  the  main  requirements  for  the  first  objective  was  the  compli- 
ance with  the  limitation  that  tlie  maximum  amount  to  be  applied  should  not  exceed  3 ' 

pounds  of  material  per  square  yard.  Effectiveness  with  various  soil  types,  low  cost 
and  ease  of  application  were  other  stipulations.  This  report  details  the  work  per- 
formed and  describes  the  results  obtained.  The  primary  short-range  objective  has  been  ■ 
attained  in  that  a product  was  developed  which  con  be  used  in  the  present  emergency 
and  in  compliance  with  the  requirements  of  logistics,  including  the  limitation  of 
maximum  amounts  permissible.  The  product  developed  is  a cationic  emulsion  of  a solu- 
tion of  a thermoplastic  polymer,  a coumarone-indene  resin,  and  a polar  oil.  The  emul- 
Blon  applied  in  the  specified  amount  of  3 pounds  per  square  yard  provides  effective 
protection  against  dust  caused  by  air  blasts  as  produced  by  aircraft,  and  against  the 
effects  of  rain  and  of  limited  random  traffic.  Estimated  product  cost  is  within  the 
range  specified.  The  long-range  objective  has  been  accomplished  to  the  extent  that 
several  systems  were  shown  to  give  products  useful  in  combating  dust  and  increasing 
trafficability.  Resinous  systems,  latex  systems  and  bituminous  systems  were  explored. 
One  potentially  useful  approach  to  the  long-range  objective  is  to  combine  products  of 
the  resinous  emulsion  type  with  bituminous  products  compounded  as  compatible  ennilslons. 
KJiYWORDS:  Airfields;  Dust  control;  Emulsions;  Materials;  Military 
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The  feasibility  of  the  concept  for  a porttble  blast-diverting  platform  for  vertical 
takeoff  and  landing  (VTOL)  aircraft  was  previously  demonstrated  by  scale  model  tests. 
The  platform  would  be  assembled  in  the  field  from  modules.  Each  module  consists  of  a 
structxiral  base  containing  air-deflector  vanes  and  a load-beeu-ing,  gridded  top.  The 
platform  would  direct  aircraft  exhaust  blast  away  from  the  aircraft  and  into  the  air 
to  prevent  terrain  erosion,  hot  gas  Ingestion,  adverse  groimd  effects,  and  telltale 
"signature"  generated  by  military  activity.  The  present  research  study  to  develop  a 
design  concept  for  a full-scale  portable  modular  platform  included  thermodynamic 
considerations,  establishment  of  design  criteria,  a materials  survey,  and  structural 
analyses.  In  the  development  of  the  design  concept,  ease  of  handling  and  field 
erection  of  the  platform,  minimization  of  apeclal  tooling,  use  of  simplest  manufac- 
turing procedxires,  and  cost  savings  in  all  areas  were  also  considered.  The  study 
demonstrates  that  this  type  of  modular  platform  can  be  designed  for  use  with  air- 
craft of  various  weights  and  engine  exhaust  characteristics. 


KEYWORDS:  Blast  resistant  surfaces;  Design;  Exhaust  blast;  Vertical 
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AB.TR.C  1 

An  air-spray  technique  requirement  existed  for  the  stabilination  of  soil  stu-faces 
encountered  in  Army  field  operations.  The  UH-1B/d  soil  stabilization  develcpment 
program  was  undertaken  for  the  purpose  of  developing  and  testing  a new  systjra  to 
establish  the  feasibility  of  the  aerial  dispersal  technique  for  this  purpose.  The 
effort  conducted  was  directed  in  a conventional  development  pattern  to  achieve  a 
system  that  would  realistically  validate  the  concept.  In  an  intensive  but  short 
flight  test  program,  utilizing  an  Armj-  UH-IB  helicopter  as  the  test  vehicle,  both 
latex  dust-alleviation  material  and  a resinous  aircraft- landing-site  material  were 
applied  for  the  first  time  from  an  airborne  vehicle.  The  flight  tests  achieved  re- 
sults of  required  flow  rates  and  patterns  and  derived  visual  deposits  of  even  dis- 
tribution. The  experimental  system  and  its  operation  in  the  field  enviroament  served 
to  validate  the  feasibility  of-  the  aerial  dispersal  concept  for  both  dust-sunpressant 
application  and  landing-site-fabrication  missions.  Based  upon  program  results,  a 
further  applied  engineering  and  development  effort  is  justified  to  achieve  a system 
for  practical  military  use.  A procedure  for  aerial  dispersal  system  operation  is 
Included  as  appendix  A. 
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Prepared  under  contract  with  the  U.  S. 
Army  Engineer  Waterways  Experiment 
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U.  S.  Army  Materiel  Command 
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This  report  presents  the  results  of  a program  directed  towards  the  devel- 
opment of  materials  for  use  by  the  military  for  dust  control  in  the  theater  of  opera- 
'tions.  Criteria  for  defining  the  desirable  properties  of  such  dust  control  agents  have 
been  established,  and  materials  which  possess  these  properties  have  been  procured, 
formulated,  tested,  and  evaluated.  The  low  material  usage  rates  required  (3  lbs  per 
square  yard  or  less)  plus  the  variety  of  soils  and  soil  conditions  over  which  such  dust 
control  agents  must  be  used  preclude  such  treatments  from  adding  to  the  load  bearing 
capacity  of  the  soil  to  any  appreciable  extent.  The  materials  developed,  therefore, 
are  designed  to  be  sprayed  as  liquids  on  the  soil  surface  and  produce  coherent,  highly 
flexible  and  extensible  surface  layers  which  effectively  seal  off  the  soil  surface,  pre- 
venting generation  of  dust.  The  flexible  layers  formed  can  withstand  considerable 
deform.Mion  without  failure.  Because  of  their  nature,  these  dust  control  agents  serve 
to  waterproof  the  soil  as  well.  Several  latex  formulations  have  been  developed  which 
passed  the  laboratory  screening  tests  and  which  show  potential  for  military  dust  con-  , 
trol  purposes.  A device  has  been  developed  for  the  simple  application  of  these  mate- 
rials. Urea  resin  formulations  were  examined  initially  a..d  determined  to  be  generallyi 
ineffective,  due  primarily  to  their  inability  to  withstand  deformations  of  great  enough 
magnitude.  Subsequently,  emphasis  was  directed  toward  synthetic  and  natural  latex  j 
systems  which  show  a greater  potential. 
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This  report  describes  the  efforts  to  develop  a soil  stabilizing  additive  ’.•.•hich  •.•.ould 
serve  as  an  effective  dust  palliative  in  the  theater  of  operations.  In  the  initial 
phase  of  the  testing  program  a large  number  of  soil  treatment  candidates  were 
screened.  To  accomplish  this,  small  specimens  were  prepared  and  observed.  The  most 
satisfactory  of  these  candidates  were  evaluated  by  the  V/ES3S-3  standard  procedures 
designated  "Tests  for  Screening  of  Proposed  Dust-Control  Materials."  T.jo  candidates 
were  selected  on  the  basis  of  their  good  performance  for  small  scale  pilot  tests. 

One  square  yard  specim.ens  were  prepared  over  various  types  of  uncompacted  clay  and 
sand  and  exposed  to  weathering..  A single  candidate  was  selected  for  further  testing. 
Piill  scale  pilot  plot  tests  were  conducted  with  the  fully  developed  product  over 
compacted  clay  and  loam  under  both  summer  and  winter  conditions.  All  specimens 
were  then  submitted  to  trafficability  tests.  A soil  treatment  material  has  been 
recommended  which  is  a terpolymer  blend  of  polyvinyl  acetate,  polyvinyl  acrylates 
and  internal  plasticizers. 


KEYWORDS:  Dust  control;  Materials;  Military  operations;  Soil  stabilization 

Traffic  tests 


DD 


I wo*'  •• 


1473 


»t#CACt«  DO  #0«U  I4fa.  I JAN  •«,  NMICH  !• 
OB»Ok.Ct&  worn  ARMT  U«C. 


Unr.lnsrificd 

ftocwrkty  dUsadtcAUon 


1*00 


Unclarsirir'd 

Security  Clt^Mfication 


DOCUMENT  CONTROL  DATA  - R & D 


ttmuHUemUon  ol  riff*,  body  b!  •f»«lr«cf  «ft<l  lnd»»lng  annor«rlon  miiar  6«  *nr*r*J  M>h*f>  (fi*  o**r«/f  rmpntt  f»  f f*««rfl»iij 
ORICINATINQ  ACTIVITY  fCofFOr***  AUfflUfJ  '/•.  rC^OAT  tCCUfTfTV  CCAtTl^ICA  TlOM 


A;;hland  Chonical  Company 
Kimieapolis , Minn. 


Uiic  lassif  icd 


It.  *c»o*r  titlc 


STJDY  0:i  soil  l-REATtEilT  MATERIAI^  for  dust  PAI.LIATIOIi , SOILS  VJAl’ERrKCOFE.’G 
/j.T)  SOIL  s7F£:;:i7Hr:r:i:io 


A OttCMiP  Tivc  NOTES  ^7>p«  of  rAporf  «nrf  fncfu«lv*  dar*«> 

Final  report 

• Au  TMONitr  f^lr«f  mtddl*  fnlffai.  tmmtnmmtm) 

C.  i:.  Lmpola 

D.  A.  Olsen 

«.  f*CPOf*T  OATS 

November  19*  3 

te.  CONTUAC  T OM  chant  NO.~  ~ --  - 

DA-2?-079-enc-437 

ft.  ftnojtCT  NO. 

i-T-o-62i03-A-:;U6-05 


I 10.  OitTHlOUTlON  STATCMCnT 


It«.  TOTAC  no.  of  PACCt 


IT6.  no.  of  hsfs 


Im.  OHIOINATOH't  HSPOHT  NUhOBCHOI 


•0.  OTMCH  HSPOHT  NC<*>  M"F  oth»r  thmt 

27liL 

WES  Contract  Report  S-68-5 


Distribution  limited  to  U.  S.  Government  agencies  only;  test  and 
evaluation;  7 March  1972.  Other  requests  for  this  document  must  be 
referred  to  U.  5.  Army  Materiel  Command. 


III.  SuPPlCMCmTAHT  NOTES 


111.  tPONiOHmc  miinITahv  activity 


Prepared  under  contract  for  U.  S.  /ut-.v  ,,  „ , i r.  j 

„ f . _ . X U.  S.  Army  Materiel  Command 

Engineer  v/ater-..'ay3  ixperiraent  Station, 

Vicksburg,  Miss. 

'•'■'YifftACT  oo..ect  c;*  tr.is  stua.v  •..•as  to  evaluate  various  commercially-avaiiable  resin 
systems,  both  organic  and  inorganic,  to  determine  if  they  could  be  utilized  as  dust 
palliatives,  soil  waterproofing  agents,  and  soil  stabilizers.  The  screening  tests 
revealed  that  many  of  the  resin  systems  would  perform  as  dust  palliatives  or  soil 
waterproofing  agents  for  nontraffic  areas.  However,  none  of  these  used  on  loose  soil 
at  the  lov/  use  level  of  3 Ib/sq  yd  had  enough  strength  or  flexibility  to  perform 
satisfactorily  under  traffic.  At  two  or  three  times  this  rate  (6-9  Ibs/sq  yd),  suffi- 
cient strength  could  be  obtained  with  epoxy  and  unsaturated  polyester  resins  to  v/ith- 
stanc.  some  traffic.  The  emphasis  was  then  changed  to  laboratory-synthesized  urethane 
elastomers  with  over  2000^  elongation  and  over  1000  psi  tensile  strength.  iVhen  applied 
on  loose  sand,  these  ciastcmers  gave  a tougii,  flexible  surface  coating.  Some  problems 
with  surface  cracking  were  encountered  on  loose,  dry  clay,  due  to  shrinkage.  However, 
it  was  possiclo  to  eliminate  or  minimize  these  cracks  by  formulation  changes  of  the 
e.lastomer  a.nd  its  curing  agei.t,  and  by  a very  light  prewetting  of  tlie  soil  with  water. 
The  .iis.-'ussio-  of  the  test  i-.  suits  i:.  the  main  body  of  the  report  is  in  chronological 
order.  The  Appendix  covers  the  work  done  under  the  Physical  Chemistry  studies  early 
ill  the  contra 't  period. 
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12.  A»iTRACT^j,;^g  report  describes  the  laboratory  investigation  made  to  examine  the  effec- 
tiveness of  selected  materials,  whose  potential  to  satisfy  the  requirements  set  forth 
by  the  Department  of  the  Army  (DA)  for  a dust  palliative  were  considered  most  desirable. 
The  data  reported  herein  does  not  Include  information  that  was  obtained  by  the  U.S.Army 
Engineer  Waterways  Experiment  Station  (W'ES)  at  Vicksburg,  Miss.  However,  for  purposes 
of  clarity,  reference  will  be  made  to  some  of  the  general  data  on  samples  that  were  con-| 
sidered  for  traffic  testing  by  WES.  This  report  includes  all  formulations  that,  on  a 
laboratory  level,  met  the  criteria  set  by  DA.  Included  are  those  formulations  that  in- 
directly contributed  to  and  assisted  in  developing  potential  materials , and  those  that 
were  rejected  as  not  meeting  the  specifications.  These  basic  systems  were  modified  by 
altering  the  compounds  to  obtain  the  desired  results:  that  is,  little  tack,  reasonable 

elongation,  water  impermeability,  and  the  ability  in  general  to  pass  the  standards  set 
for  an  acceptable  dust  palliative.  Of  the  systems  evaluated,  results  indicated  those 
which  showed  the  most  potential  were  the  cationic  resin-asphsilt  emulsions  and  the  in- 
vert resin-asphalt  cutback  system.  A formulation  was  developed  using  a cationic  emul- 
sifier that  contained  a blend  of  propane  and  vacuum-reduced  asphalts  along  with  neo- 
prene rubber  elastomer  Incorporated  during  manufacture.  This  product  performed  well 
when  subjected  to  the  air  impingement,  water  erosion,  and  cure  tost.  The  invert  cut- 
back system  that  showed  the  highest  potential  was  a propane  asphalt-vinyl  toluene  blend. j 
Although  this  product  passed  the  loboratory  phase  testing  well,  field  testing  indicated 
that  the  elongation  properties  were  Inadequate. 
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This  report  covers  the  work  performed  in  evaluating  sodium  silicate  and  sulphur 
based  formulations  for  their  use  as  dust  palliatives.  The  results  of  the  ex- 

perimental  work  are  herein  presented.  The  conclusions  drawn  for  each  of  these 
formulations  ore  as  follows:  (l)  Sodium  silicate  based  formulations  can  be  used 

as  an  efficient,  inexpensive  dust  palliative  when  the  silicate  is  sufficiently  in- 
solublllzed  to  withstand  normal  weathering  conditions,  and  a waterproof  latex 
barrier  is  used  to  cover  the  base  sodium  silicate  coating.  (2)  The  sulphur  based 
coatings  have  some  very  attractive  features  such  as  low  cost  and  availability  of 
materials,  but  the  sulphur  based  coatings  were  not  pursued  to  an  end  result  be- 
cause of  the  complications  involved  in  s'^ply'ng  the  hot  molten  sulphur  coatings. 
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iTotTRAC^  ' 

Mechanistic  models  are  developed  to  help  predict  the  beuavior  of  landing  mat  syste.ms. 
The  first  model,  which  is  based  upon  elastic  theory,  is  .capable  of  duplicating  the 
action  of  such  systems  under  static  loads.  The  associat.ed  assumptions  are:  ,1)  that 

an  infinite  beam  is  the  structural  equivalent  of  the  mat:;  (2)  that  the  subgraue  is 
homogeneous;  (3)  that  horizontal  displacements  within  tine  subgrade  are  negligible; 
and  (1*)  that  the  mat  always  remains  in  contact  with  the  nubgrade.  The  model  para- 
meters are  established  from  simulations  of  full-scale  ex;perimental  tests.  These 
parameters  are  also  correlated  with  prototype  test  variafnles. 
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II.  AasTMACT 


Results  are  presented  on  a cost  effectiveness  study  of  expedient  prefabricated  men- 
brane  surfacini’s  for  use  on  military  airfields  in  theaters  of  operations.  The  purpose 
of  the  study  was  to  provide  a basis  for  deciding  whether  to  develop  a family  of  mem- 
branes of  various  weights,  or  a single  membrane  of  optimum  weight  to  meet  requirements 
set  forth  in  a Department  of  the  Army  Approved  Qualitative  Materiel  Requirement. 
Existing  data  and  experience  were  collected,  criteria  for  membrane  effectiveness  were 
developed,  and  important  parameters  identified.  Models  were  developed  for  theaters 
of  operation,  performance,  cost  and  effectiveness.  A trade-off  analysis,  cost- 
effectiveness  study,  and  membrane  development  plan  are  presented.  The  principal  con- 
clusion is  that  it  is  desirable  to  develop  a family  of  membranes  consistin.g  of  heavy, 
medium,  and  light  duty  classes  for  airfield  traffic  areas.  It  is  recommended  that 
development  continue  on  the  three -membrane  system  for  traffic  areas  as  outlined  in 
the  text.  It  is  also  recommended  that  research  and  development  begin  on  an  extra- 
light  duty  membrane  for  use  on  non-traffic  areas  and  beneath  landing  mats. 


KEYWORDS:  Airfields;  Cost  analysis;  Prefabricated  membranes 
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An  extruded  6061-T0  aluminum  alloy  heavy  duty  landing  mat  was  developed  and  test  hardware  delivered  to  the 
U.  S.  Amy  Engineer  Waterways  Experiment  Station  at  Vicksburg,  Mississippi.  Roll  and  other  engineer  design 
tests  conducted  by  WES  have  established  the  ability  of  the  mat  to  provide  the  physical  and  performance 
characteristics  of  a heavy  duty  mat  as  defined  by  the  "Revised  Department  of  the  Army  Approved  Qualitative 
Materiel  Requirement  for  Prefabricated  Airfield  Surfacing"  issued  2 April  1968.  The  Intcmal  geometry  of  the 
mat  extrusion  consists  of  a number  of  joined  hollow  triangles.  This  is  a major  departure  from  the  n’oltirec- 
tanijjlar  cavity  type  of  extrusion  used  in  the  manufacture  of  the  AW?  and  XMI8  scries  of  mats.  When  tested  on 
a laboratory  roll  test  machine,  approximately  thirteen  times  as  many  cycles  of  an  equal  wheel  load  were  re- 
quired to  fail  1.5  in.  wide  transverse  "slices"  of  the  final  truss  web  extrusion  as  were  required  to  fail 
equal  width  "slices"  of  the  approximately  equal  weight  multirectongular  cavity  Heavy  Duty  Mat  B extrusion. 
Under  equal  rolling  wheel  loads,  the  truss  web  extrusion  accommodated  36  to  59  times  the  number  of  cycles 
tl\at  were  accommotlatcd  by  the  original  AM2  mat  extrusion.  Approximately  two  times  the  wheel  load  required  to 
fail  the  Heavy  Duty  Mat  D extrusion  at  any  number  of  cycles  was  required  to  fall  the  truss  web  extrusion 
under  the  onme  number  of  eyelcn.  For  the  name  number  of  cycles,  the  truss  web  extrusion  carried  approxi- 
m.iti*ly  two  find  ono  Half  times  the  loml  required  to  fall  the  AW?  mat  extrusion.  Wlien  tcstnl  a.a  a simple  beam 
und»«r  a eoneentrated  ntiiUe  loail  applied  at  mld-npan,  1.5  In.  wMo  transverse  "slices"  of  the  trus.s  w<*b  ex- 
tniolon  supporteil  an  approximately  J16  percent  greater  load  than  the  approximately  equal  weight  rcetmua»lar 
cavity  Heavy  Duty  Mat  D extrusion.  Umler  equal  loiuln  the  defleetlon  of  the  truss  web  extrusion  nuiged  from 
onc-quartcr  to  one-tblrd  of  the  deflection  of  the  Heavy  Duty  Mat  B extrusion.  The  high  single  wheel  lorula 
tliat  must  be  supported  by  a heavy  duty  mat,  50,000  lb  vs  27,000  lbs  for  AK?  and  25,000  lb  for  XMI8,  required 
the  development  of  new  end  connector  and  locking  bar  extrusions.  The  mat  developed  and  supplied  as  the  re- 
sult of  the  work  described  in  this  report  has  passed  all  of  the  engineer  design  tests  required  to  qualify  for 
further  consideration  as  a heavy  duty  mat.  Tests  conducted  and  passed  are:  (a)  1000  coverage  traffic  test, 
(b)  5 arresting  hook  impacts,  (c)  20  arresting  cable  roll  over  loadings,  (d)  10  second  700^F  afterburner 
blast,  (e)  O.U  to  0,7  coefficient  of  friction  braking  surface  range,  and  (f)  250  sq  ft  per  man-hour  cainlmum 
installation  speed.  Category  E Fbrm  I (identical  procurement)  product  drawings  have  been  prepared  and  I 

delivered  to  the  U,  S.  Army  Engineer  Waterways  Experiment  Station. 
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This  report  describes  research  work  conducted  to  develop  an  improved  poly-  | 
vinyl  acetate  (PVA)  polymer  emulsion.  Various  manufacturers  were  contacted  for  in- 
formation, recommendations,  and  samples  of  basic  PVA  systems.  Some  systems  were 
modified  with  various  additives.  Tests  were  conducted  on  both  modified  and  un- 
modified sa;..ples.  These  iests  included  determination  of  physical  prop-erties  with 
particular  emphasis  placed  on  toughness.  Environmental  tests  included  exposure  to 
ultraviolet  light  and  water  spray,  soil  bacteria,  and  fungi  and  heat  aging.  Modifi- 
cations studied  included  viscosity,  plasticizers,  and  fungicides.  The  above  data 
were  analyzed  and  six  of  the  most  promising  formulations  were  submitted  to  the  U.  S. 
Army  Engineer  Waterways  Experiment  Station  (WES)  for  evaluation.  Laboratory  screen- 
ing tests  and  weathering  tests  were  performed  on  these  materials  at  the  WES.  The 
WES  completed  evaluation  of  the  formulations  and  requested  that  procurement  specifica- 
tions for  formulation  03^001B  be  prepared.  Procurement  specifications  were  prepared 
using  analysis  of  the  03^001B  test  data.  The  specifications  contain  both  physical  and 
chemical  properties  of  this  material. 
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«Offll  4 A — T MC^EACE*  DO  FONM  1472.  I 

DD1MV..I473  O..OL.T.  roi.  .•».»  04«. 


. I 2AN  44.  WHICH  14 


Unclassl  fled 

4ciiriir  du44inc4ii«« 


Unclassified 

DOCUMENT  CONTROL  DATA  . R & D 

t.  OR'«inatinC  a.  iiviTV  (Corpoff  muOtor)  zs.  REPORT  SECURf'v  classification 

Booz-Allen  Applied  Research  Inc . Unclassified 

Bethesda,  Maryland  «»ou*> 

J-  nceoar  titlc 

FINAL  REPORT,  COST-EFFECTIVENESS  STUDY  OF  PREFABRICATED  AIRPLANE  LANDING  MATS 


4.  OCSCRIRTIVE  NOTES  (Typ*  o/  fpott  and  Ineluaiva  dataa) 

Fined,  '■■'port 

4.  AUTKOR(S)  (Pitat  naaia,  mlddia  Initial,  laal  naata} 

G.  R.  Eierman 
C.  T.  deLorimier 
K.  Behari 

«.  REPORT  DATE 

Aufgist  1971 

S«.  CONTRACT  OR  CRANT  NO. 

DACA39-70-C-C010 

k.  PROJECT  NO. 


|7«.  TOTAL  NO.  OF  PACES  176.  NO.  OF  REFS 


|S«.  ORICINATOR’S  REPORT  NULOBER(S) 


Tt^.  OTHER  REPO. 
I tfi<«  raport)  l 


nuiB6«rs  tfi«f  mmj  Pa  aaai^ad 


10.  OIOTRIEUTION  OTATCMENT 

Approved  for  public  release j distribution 

unlimited. 

It.  NOTCS 

Rreparod  under  contract  for  U.  S.  Army 
Engineer  Waterways  Experiment  Station, 
Vicksburg,  ’iississippi 

12-  »»  ONSOKINC  MtLITARV  ACTIVITY 

U.  S.  Army  Materiel  Command 
Washington,  D.  C. 

Results  eire  presented  of  a Cost-Effectiveness  Study  to  determine  the  ex- 
pedient airfield  surfacing  systems  required  in  a theater  of  operations  during  the 
1970-75  time  frame  to  support  the  U.  S.  air  mobility  concepts,  and  to  meet  the  Army 
approved  Qualitative  Materiel  Requirements  (S>!R)  for  prefabricated  airfield  s’,ur- 
facings.  Available  data  were  used  to  develop  the  theater  of  operations  scenario, 
airfield  and  aircraft  mixes,  traffic  rates,  and  landing  mat  cost  and  performance  in- 
formation. Models  were  developed  to  measure  the  cost  and  effectiveness  of  hypotheti- 
cal mats,  as  described  in  the  g®,  £ind  of  existing  mats  currently  in  the  inventory  or 
under  development.  The  results  of  the  analysis  are  presented  as  recommendations  in 
a Landing  Mat  Development  Plan.  As  a result  of  the  findings  and  conclusions,  it  was 
recommended  that:  the  current  requirement  for  a landing  mat  family  consisting  of 

three  duty  classifications  (heavy,  medium,  and  light)  be  discontinued  and  replaced 
by  requirements  for  one  landing  mat  system  to  surface  tactical  airfield  and  another 
for  €ill  logistics  support  airfields;  since  the  current  Truss-Web  and  XMI9  systems 
meet  the  essential  QMR  specifications,  they  should  be  type  classified  as  standard 
A items  of  the  two  family  system  for  the  1970-75  time  frame;  and  integrally  water- 
proofed landing  mats  should  be  developed  in  order  to  provide  the  most  cost-effective 
systems . 

KEYWORDS:  Aircraft  landing  areas;  Cost  analysis.  Landing  mats; 

Prefabricated  surfacings 
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....  ..  /jT.y  cesiros  an  effective  means  for  estabiishir-g  an  airfield  or  roaaway '’/':.tr.cut  the  cx- 
t>endi»'uro  of  tis.e  necessary  when  conventional  means  are  used.  VThere  soil  conditions  pern.it  the  tare  grourid 
can  te  covered  with  a coated  fabric  called  "Prefabricated  Airfield  and  Road  Surfacing  Membrane."  A.  research 
and  levelopment  contract  vac  negotiated  between  the  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES) 
ana  the  Industrial  Fabrics  Division  of  Albany  Felt  Co,,  Albany,  N.  Y.,  for  the  purpose  of  develcpi.ng  a su- 
poricr  membrane  for  this  purpose.  Since  the  inception  of  this  contract,  the  name  of  Albany  Felt  Co.  has  teen 
cnangea  tc  Albany  Inlex'national  Corp.,  and  the  Industrial  Fabrics  division  has  becone  part  of  its  wholly- 
ov.'ned  suosidiary.  Globe  Albany  Corporation,  Buffalo,  N.  Y.  Under  this  contract  (No.  DACA39-^S“C-0'D'G3>  as 
mc‘difiedV  a ''undamental  approach  to  t'.e  very  vide  range  of  options  was  taken.  Because  of  this  approach  we 
were  not  limited  to  available  fabric  constructions  or  rubber  compounds.  We  were  thus  able  to  consider  the 
use  of  al-  the  fibers  end  polymers  that  were  available.  For  the  production  of  the  fabrics,  we  considered 
fiber  performa.nce,  yarn  construction,  weave  construction  for  grab  and  tear  strength,  flexibility,  v.-indlng 
equipment,  dresairg  equipment,  loom  req\jirements,  and  selvage  requirements.  The  final  fabric  product  is 
clear superior  to  an;/  fabric  heretofore  available  and  is  substantially’  different  fron  any  fabric  available 
at  thT*  beginning  of  this  work.  For  the  designation  of  the  rubber  caepound,  the  conmcrcially  available 
polymeis  were  screened  and  all  promising  materials  were  investigated  in  their  available  forms.  The  optimum 
material,  '1  neoprene  latex,  was  chosen.  To  properly  optimise  the  performance  of  the  membrane,  the  rubber 
OTist.  OF  orerared  with  additives,  S«ue  of  the  rubber  considerations  were:  toughness,  abrasion  resistance, 

sei’ -eA*.irit;niishabilli,y , fiber  wettability,  penetration  of  the  fabric,  bonding  to  the  base  fabric,  high 
strength  adhesive  Joins,  flexibility,  U.  V,  resistance.  Jet-fuel  resistance,  and  temperature  resistance.  Tr.e 
fin.'ii  mor.ilrane  sa.Tple  used  one  basic  rubber  with  three  different  levels  of  binding  additive.  The  final 
rubrer  omblnation  is  satisfactory  in  aj.l  respects;  however,  i\srthor  improvements  are  possible.  It  was 
founs  hat  priming  c*  the  fabric  to  promote  rubber  bonding  Is  mandatory  for  a suitable  material  to  be  de- 
veloped. For  the  combination  of  fabric,  primer,  and  rubber  to  yield  a satisfactory  membrane  material,  many 
raa/iufacturing  variables  were  considered.  Techniques  were  developed  for  this  purpose, 

KEYWORDS;  Adhesives;  Expedient  surfacings;  Fabrics;  Prefabricated 
membranes;  Rubber 
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l«.  AeSTMACT 

While  dusting  and  the  fomatlon  of  dust  clouds  have  alvays  been  significant  factors  in  nilitary 
operations,  the  advent  of  modern  large-scale  airborne  tactics  has  transformed  what  was  once  primarily  an 
annoyance  to  a costly  and  serious  problem  because  dust  ingestion  into  moving  parts  of  aircraft  accelerates 
wear,  resulting  In  increased  maintenance  time  and  reduced  operational  availability.  The  U.  S.  Amy  Engineer 
Waterways  Elxperiment  Station  (VSS)  has  undertaken  the  task  of  finding  methods  for  suppressing  dust.  One  of 
the  systems  developed  employs  DCA-70,  a connercial  dust-control  agent  manufactured  by  Onion  Carbide  Corpor- 
ation. The  rO\-70  is  sprayed  on  a graded  soil  surface  where  it  forma  a continuous  film,  anchored  to  the 
substrate,  with  good  resistance  to  damage  by  air  blasts  and  vehicular  traffic.  DGA-70  is  a polyvinyl  acetatej 
latex  compounded  with  dibutyl  phthalate  at  a concentration  of  10^  of  the  contained  solids  in  the  latex.  The 
dlbutyl  phthalate  acts  as  a plasticizer,  making  films  cast  from  the  latex  ©ore  pliable  and  resistant  to  rup- 
ture. Films  cast  from  DCA-70  are  very  resistant  to  deterioration  by  the  actinic  radiation  In  sunlight  and 
hence,  the  outdoor-life  expectancy  of  stabilized  soils  would  be  expected  to  be  good.  However,  because  the 
dlbutyl  phthalate  is  quite  volatile,  it  evaporates  In  hot  climates  resulting  in  decreased  resiliency  and 
strength.  Since  many  corxicrclal  plastlclzcro  of  ouch  lower  volatility  than  dlbutyl  phthalate  arc  available, 
a program  was  undertaken  to  find  a plasticizer  system  which  could  be  substituted  for  the  dlbutyl  phthalate  toj 
yield  a product  with  better  aging  cliornctcriatics.  In  Phase  I of  this  project  more  than  thirteen  plastici- 
zers were  tested  for  compatibility  with  the  polyvinyl  acetate  latex  used  In  the  manufacture  of  DCA-70.  Those] 
plasticizers  which  showed  the  most  promise  In  the  initial  screening  evaluation  were  selected  for  further 
trials  involving  preparation  of  laboratory  latex  samples,  casting  of  films,  and  meastirement  of  tensile  pro- 
perties both  b»*fore  and  after  oven  aging  and  water  extraction  teats.  As  expected,  all  the  products  made 
with  low  volatility  plasticizers  retained  their  tensile  properties  much  better  than  DCA-70.  On  the  basis 
of  the  test  results  six  formulations  were  selected  for  preparation  of  110-gallon  quantities  and  field  eval- 
uation by  WES.  Their  evaluation  has  resulted  In  the  elimination  of  four  of  these  formulations  from  consid- 
eration. A selection  remains  to  be  made  between  the  two  remaining  candldatoc,  both  of  which  are  made  with  a 
mixed  system  containing  FT.QCOL  U-GO  and  Snntlelzer  1*»0,  but  In  different  concentrations.  WES  evaluation 
eonfirma  that  the  modified  versions  are  superior  to  DCA-70.  In  Riasc  II  of  this  project  study,  nine  speclfl-j 
cation  test  methods^  moot  of  which  are  atandard  ASTM  procedures  for  latex  products,  were  applied  to  various 
comnerclal  polyvinyl  acetate  latexes  after  addition  of  plasticizers  using  the  formulations  developed  In 
Phase  I of  the  contract  research.  Comparison  of  the  data  obtained  with  those  attributes  expected  to  be  of 
Importance  for  good«performance  In  dunt-control  applications  loads  to  a set  of  tentative  specification 
values  which  should  allow  procurement  of  these  products  on  a competitive  basis.  The  teste  used  are  tensile 
properties  of  films,  total  solids,  surface  tension,  pH,  viscosity,  filterable  solids,  salt  tolerance,  storage^ 
stability  at  lUO  P,  and  shear  stability. 

KEYWORDS:  Chemical  soil  stabilization;  Dust  control;  Emulsions; 

Materials;  Rubber 
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An  integral  waterproofing  system  was  developed  for  the  extruded  aluminum 
truss  web  heavy  duty  mat  and  a roll  test  quontity  of  mat  equipped  with  the  system  de- 
livered to  the  U.  S.  Army  Engineer  Waterways  Experiment  Station  at  Vicksburg,  Miss. 

The  male-female  Bide  Joint  is  sealed  by  an  extruded  neoprene,  multi-cavity,  hollow, 
compression  type  seal.  Tlie  hinged  lever  closing  action  of  this  joint  is  used  to  com- 
press the  seal.  An  enlarged  "dog  bone"  type  of  locking  bar,  with  identical  cavities 
for  containing  seals  extruded  into  each  of  its  two  horizontal  sides,  provides  the 
means  for  conveniently  and  quickly  sealing  the  joints  between  adjacent  end  connectors. 
Locking  bar  seals  are  extruded  neoprene,  in  a multi-cavity,  hollow,  compression  type  of 
design.  Locking  bars  ore  "loaded"  with  compressed  seals  prior  to. delivery  to  the 
field.  After  locking  hors  are  installed,  seals  are  permitted  to  expand  by  removing 
the  retaining  strips  that  have  confined  the  seals  in  a compressed  condltic.i.  Mat  fe- 
male corners  are  sealed  by  direct  abutment  of  locking  bar  seal  ends  against  the  con- 
tinuous side  seal  of  the  adjacent  mat.  Mat  male  corners  ore  sealed  by  installing  a 
molded  neoprene  combination  cap  and  plug  over  the  protruding  end  of  the  Installed 
locking  bar.  The  most  advantageous  features  of  the  sealing  system  are  believed  to  be 
laying  speed  and  economy.  The  system  con  be  readily  adapted  to  other  types  of  mats 
such  as  XM-I8,  XM-I9.  AM-2,  and  the  new  U8”  x 55-1/w"  truss  web  C-5A  mat.  Reproducible 
original  drawings  adequate  for  the  procurement  of  additional  mats  identical  to  the  roll 
test  mats  have  been  prepared  emd  delivered  to  the  WES. 

KEYWORDS:  Aluminum  landing  mats;  Extrusions  (Landing  mats);  Heavy 

duty  landing  mats;  Materials;  Sealers;  Waterproofing 
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Aluminum  landing  mats 
Extrusions  (Landing  mats) 

Scale  models 

[Dow  truss  web  landing  mat] 

20.  ABSTRACT  (ConUnum  on  tavataa  aide  If  naeaeeary  mnd  Identify  by  block  numbarj 

A series  of  model  C-5A  landing  tests  on  4 by  4.5  ft.  and  2 by  9 ft.  Dow  truss 
web  landing  mat  runways  were  studied  using  a l/7  scale  physical  model.  Model 
landing  mat  units  were  constructed  of  extruded  aluminum  joint  edges  bonded  to  a 
foam  core  fiber  glass  panel.  Simulated  landings  were  made  on  l4.5  by  128  ft. 
mat  runways.  The  model  4 by  4.5  ft.  mats  were  tested  in  four  runway  laying  pat- 
terns. Laying  patterns  without  a transverse  hinged  joint  formed  the  most 
stable  runway.  When  laid  in  the  standard  brick  pattern  with  a transverse 
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,?0.  AHr.THACT  (Continued). 

hinf'.od  Joint,  thcU  by  ft.  mat  runway  was  more  stable  than  the  2 by  9 ft. 
mat  runway.  Tlie  2 by  9 ft.  mat  runways  were  tested  only  in  the  standard  brick 
pattern.  Restraint  at  the  runway  edee  did  not  prevent  bucklint  of  the 
2 by  9 ft.  mat  runway  in  the  standard  brick  pattern.  Tension  anchors  at  the 
touchdown  end  of  the  runway  controlled  the  loncitudinal  displacement  and  pre- 
vented bucklinc  of  both  mat  types  when  laid  in  the  standard  brick  pattern. 

The  use  of  end  anchoracc  appears  to  be  a practical  method  to  reduce  mat  runway 
maintenance  and  prevent  bucklinc  failure. 


Unclassified 


t.' 


ttCUSITV  CLAMIFICATION  OF  THIS  FAGEftWlw  Dmf  KnOraO 


I 


'I 

i 

i; 


Ttchnicol  k«pert  Oecumtnfotivn  Pop# 


Contract  Report  S-75-6 
(FAA-Rn-75-?09)  A018  800 

) PociO'anf  ■ Coiolof  No 

4.  Tttls  and  Swblilla 

STATE-OF-THE-ART  El  VARIABTLIT7  OF  MATERIAL  PROPERTIES 
FOR  AIRIXIRT  PAVEMEIJT  SYSTEMS 

5.  Raoori  Oe'o 

Ai’pust  1975 

6.  O/gonitoi'on  Coda 

8.  Pavfosming  Ovgoniiotton  RapoM  No. 

7.  iiiomas  W.  Kennedy,  W.  Ronald  Hudson,  B.  F. 

McCullour.h 

P«fl«sming  OsQOAiiafioA  Noma  oftd  Addfot* 

ARE,  Inc. 

Engineering  Consultants 
5706  Bee  Cave  Road 
Austin,  Tex.  787*i6 

10.  Worh  Unit  No.  (TRAIS) 

II.  Contract  o*  C'onl  No. 

FA7JWAI-377 

!)•  Tjrpt  ol  Rapoft  ond  Ponod  Coa«*td 

Final 

Jul  I97U  - Jan  1975 

12.  SpaAto«>ng  Agancp  Noma  and  Add'aoa 

U.  S.  Department  of  Transportation 
Federal  Aviation  Administration,  Washington,  D.  C. 
Department  of  Defense,  Office,  Chief  of  Engineers, 
Washington,  D.  C. 

14.  Sponaarinf  Aganoy  Coda 

ARD-U30 

IS.  y Ne>*« 

Prepared  for  the  U.  S.  Amy  Engineer  Waterways  Experiment  Station, 
Soils  and  Pavements  Laboratory,  Vicksburg,  Miss.  39180 


14. 

This  report  describes  and  discusses  types  and  distributions  of  variability, 
including  how  material  properties  variation  can  be  determined  and  evaluated.  The 
main  body  of  the  report  presents  a summary  of  the  variational  characteristics  of 
pavement  materials  properties  for  those  materials  which  are  currently  used  la 
pavement  design. 

The  materials  discussed  are  Portland  cement  concrete,  asphalt  concrete, 
blackbase  and  asphalt- treated  materials,  cement-treated  aaterials,  lime-treated 
materials,  end  untreated  subgrade  soils.  An  attempt  is  made  to  summarize  the 
variational  characteristics  which  can  be  expected  for  each  material  for  as-built 
service  conditions  in  pavements. 
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The  philosophy  of  determining  and  corroborating  reliability  levels  is  discussed 
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The  state  of  the  art  is  summarized  and  qualitatively  rated  relative  to 
eleven  different  features  felt  to  be  necessary  for  the  development  of  a fatigue 
subsystem.  In  addition,  this  summary  formed  the  basis  for  recommendations 
dealing  with  future  research  on  fatigue.  The  basis  of  the  fatigue  subsystem  is 
formulated  upon  the  concept  that  any  such  methodology  proposed  for  fracture 
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